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MINUTES MEETINGS 
THE SOCIETY 


December Ist, 1920.—The meeting was order M.; Vice-Presi- 
dent Leonard Metealf the chair; Herbert Crocker, Acting and 
present, also, 165 members and guests. 

The minutes the meeting November 3d, 1920, were approved published 
Proceedings for November, 1920. 

paper Albert Holmes, Am. Soe. E., entitled “Some Investigations 
and Studies Hydraulic-Fill Dam Construction” was read title and synopsis. 

“The Proposed Removal High Bridge” was announced the principal 
subject for the informal discussion the evening. Nelson Lewis, Am. Soe. 
E., explained “Why the High Bridge Was Built and Why Its Alteration 
Now Demanded” and showed lantern slides the present structure and 
suggested methods for its alteration. Edward Burr, Am. Soe. E., spoke 
the “U. Government Requirements for Navigation the Harlem and 
Merritt Smith, Am. E., then “The Need the High 
Bridge Part the Water Supply System New York City.” Wilgus, 
Am. Soe. explained “Why the Structure, with Suitable Modifications, 
Should Retained”, illustrating his remarks lantern slides, and Arnold 
Brunner, President, Fine Arts Federation the City New York, described the 
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and Architectural Features Involved.” The subject was discussed orally 
Messrs. Eckersley, Alexander Haring, Kennard Thomson, and Philip 
Aylett, the last mentioned illustrating his discussion lantern slides showing 
many European bridges. 


Col. Wilgus offered the following resolution, which was duly seconded and 
carried: 


“Resolved: That the sense this meeting that ‘High Bridge’ should 
retained, suitably modified meet the requirements the Federal Government, 
and that notice the action this meeting communicated the Secretary 
the Board Estimate and Apportionment the City New York.” 


The Acting Secretary announced the election the following candidates 
November 9th, 1920: 
MEMBERS 
Barnes, East St. Louis, Mo. 
JAMES CHARLES Elmhurst, 
Oklahoma City, Okla. 
JAMES Houston, Tex. 
ARTHUR PEEBLES DENTON, San Francisco, Cal. 
Morris Des Moines, Iowa 
Harris, Los Angeles, Cal. 
Harta, New York City 
Henry Banks Minneapolis, Minn. 
Henry Ray Chicago, 
Mayo, London, England 
JR., Philadelphia, Pa. 
Marks San Francisco, Cal. 
WHEATLEY Columbus, Ohio 
Roy Berkeley, Cal. 
JoHN PHELAN, Washington, 
Epwarp Leo Baltimore, Md. 
THEODORE Epwarp Harrisburg, Pa. 
Der VEEN, Tientsen, China 
Evan Bethlehem, Pa. 


MEMBERS 
James Lexington, Va. 
Epwin Pittsburgh, Pa. 

Ermine Banta, Dayton, Ohio 
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CHARLES Francis Gettysburg, Pa. 
Lewis BELL, Jr., Dallas, Tex. 

Swan Huntington, Utah 
Morton Media, Pa. 
Kansas City, Mo. 

Harry Lucas Marietta, Ohio 

DEMETRIO DEL Havana, Cuba 

Ira Cleveland, Ohio 

New York City 

FREDERICK UNDERWOOD New York City 

Doan, Los Angeles, Cal. 

JASPER OWEN Urbana, 

Davin Epwarp Opelousas, La. 

Ransom Dwyer, Watertown, 

Ivan Harrisburg, Pa. 

Witt Lake Charles, La. 

Livincston Cottonwood Falls, Kans. 
Joun Epwarp Long Meadow, Mass. 
New York City 

ALFRED Henry HENCKEL, Newark, 

New York City 

St. Louis, Mo. 

Frank Mack, Forest Park, 

Justin Howarp Cape Madeleine, Que., Canada 
Morris Marks, St. Louis, Mo. 

Pasadena, Cal. 

Hans Cincinnati, Ohio 

FREDERIC CRAMER Lakewood, 
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WALKER Orr, Indianapolis, Ind. 
Epwarp Balboa Heights, Canal Zone, Panama 
Frank AXTELLE Renner, 
State College, Pa. 
Roop, Toledo, Ohio 

Berney Rowe, Conneaut, Ohio 

Henry Sartor, Elmira, 

CLARENCE Horace Hamilton, Ohio 
Henry SELLER, Russellville, Ark. 

Joun Brookings, Dak. 
Howarp THALIMER, New Wilson, Okla. 
Harry Tucker, Raleigh, 

Ross Calexico, Cal. 

Frank Weeks, Fort Sam Houston, Tex. 
WEILLER, Baltimore, Md. 
New York City 

Emerson WERLEY, Youngstown, Ohio 
Henry West, Berkeley, Cal. 

Tokyo, Japan 


ASSOCIATES 
Frank Epwarp New York City 


New York City 
Pickens Wichita Falls, Tex. 
Francis Critz, Ames, Iowa 
JR., Valparaiso, Chile 
Harrison, Milwaukee, Wis. 
Max Lerr, Derry, Pa. 
New York City 
Pet, Englewood, Ohio 
Pena New York City 
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ALEXANDER Burton Philadelphia, Pa. 

Peter Seattle, Wash. 

Jackson Roy Bayway, 

Lacy Indianapolis, Ind. 

Aaron Van Duzer Cincinnati, Ohio 


The Acting Secretary announced the transfer the following candidates 
November 9th and 10th, 1920: 


JOHN Ranger, Tex. 
Baron, White Bluffs, Wash. 
Henry Great Falls, Mont. 
Stanton, Sacramento, Cal. 


From Junior MEMBER 
ALLEN Howarp Sioux Falls, Dak. 
Jr., Omaha, Nebr. 
Henry Guest, Pine Bluff, Ark. 
Harry JENKS, Sacramento, Cal. 
Howarp East Point, Ga. 
Leonarp Neuman, Corozal, Canal Zone, Panama 


The Acting Secretary announced the following deaths: 

Warp Cincinnati, Ohio, elected Junior, March 2d, 1881; Member, 
October 2d, 1889; died November 15th, 1920. 

Hamburg, Germany, elected Corresponding Member, 
April 5th, 1876; died November 1920. 

Parker, Kuala Lumpur, Federated Malay States, elected 
Associate Member, March 6th, 1907; Member, January 6th, 1915; died August 
1920. 

Berkeley, Cal., elected Member, November 8th, 
1909; died November 11th, 1920. 

Long Island City, Y., elected Associate Member, May 
1902; died November 29th, 1920. 


Adjourned. 
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THE BOARD DIRECTION 


November 9th, 1920.—The Board met 9.37 M., the Headquarters the 
Society; President Davis the chair; Crocker, Acting Secretary; and 
present, also, Messrs. Alvord, Beahan, Clark, Cummings, Curtis, Elwell, Fort, 
Greene, Grunsky, Hawgood, Herschel, Hoyt, Hudson, Hunt, Ketchum, 
Langthorn (came 12.35 Marston, Marx, O’Connor, Pegram, 
Stuart, Talbot, Tuttle, Wagner, and Wall. 

the request President Davis, the minutes the meeting the Board 
held August 9th, 1920, were amended that the following paragraph relating 
the action regard the Society becoming Charter Member the Federated 
American Engineering Societies, and now reading: “Director Tuttle raised point 
order: ‘that this Society not position affiliate the Federation until 
after the Constitution has been changed read: 


“Treasurer Tuttle raised the point order that the motion, carried, would 
result violation the Constitution, since this Society not position 
affiliate the Federation until after the Constitution has been amended.” 


The minutes the meeting the Board held October 11th, 1920, were 
approved. 

The minutes the meetings the Executive Committee held September 10th 
and October 14th, 1920, were approved, and the actions therein described were made 
the actions the Board Direction. 

The President appointed Messrs. Metealf and O’Connor Tellers canvass the 
Membership The Tellers subsequently reported, and the President declared 
the election candidates.* 


The Acting Secretary presented report from Clemens Herschel, Chairman 
the Finance Committee. 


motion, duly seconded, and this report was accepted. 


motion the Acting Secretary, the the Committee 


regarding reinstatements and matters dues members were approved and 
adopted the action the Board. 


general discussion resulted from the request the Finance Committee for 
opinion the members the Board whether the Fifty-seventh Street 
property the Society should sold case advantageous offer should 
received. 

motion Past-President Marx, duly seconded and carried, was decided 
authorize the Chairman the Finance Committee indicate proposed 
buyers that offer the amount more would acceptable the 
Board. 

ACTION CONFERENCE COMMITTEE. 


After the Acting Secretary presented the reportt the Tellers appointed 


canvass the replies the Questionnaire whether the Society should join the 


Am. Soc. E., November, 1920, 832. 
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Federated American Engineering Societies, Director Hudson offered the following 
resolution, which was seconded Treasurer Tuttle: 

“Resolved: That as, view the result the questionnaire ballot Novem- 
ber 8th, 1920, not possible for the American Society Civil Engineers 
join the Federated American Engineering Societies Charter Member, the 
Conference Committee appointed this Board hereby discharged with the 


thanks and appreciation the Board for the zealous manner which has dis- 
charged its duties, and 


“Further Resolved: That inasmuch final report this Conference Com- 
mittee has been received the Board, requested make its final report 


this Board its work date.” 

Discussion followed, participated Messrs. Talbot, Curtis, Hudson, Hoyt, 
Marx, Tuttle, Hunt, Crocker, Stuart, and Ketchum. This discussion developed 
some difference opinion the time which the Conference Committee 
should discharged. the suggestion President Davis, Directors Hudson and 
Hunt retired and collaborated the preparation resolution which later 
the meeting they reported the following form: 

“Resolved: As, view the result the questionnaire ballot November 
8th, 1920, not possible for the American Society Civil Engineers join the 
Federated American Engineering Societies Charter Member, the Conference 
Committee appointed this Board hereby discharged date November 20th, 


1920, with the thanks and appreciation the Board for the zealous manner 
which has discharged its duties, and further 


“Resolved: That inasmuch final report the Conference Committee has 
been received the Board, requested make such final report not later than 
November 20th, 1920, the Board, and 


“Be Further Resolved: That the Conference Committee this Society 
instructed limit its activities from this date until the date its discharge 
the preparation and submission its final report, and incur additional 


expense.” 

This resolution was adopted “aye” and “no” vote. 

President Davis presented communication from Chairman Humphrey the 
Joint Conference Committee inviting members the Board present Wash- 
ington during the meeting the American Engineering Council, and formally 


participate the discussion questions policy that may come before the 
Council. 


action was taken. 
REGARDING FEDERATION. 


The Acting Secretary presented letter dated October 13th, 1920, from Richard 
Humphrey, Chairman the Joint Conference Committee the Federated 
American Engineering Societies, transmitting copy its “Bulletin No. 10” con- 
taining programme the first meeting the Federated American Engineering 
Societies held Washington, C., November 1920, and asking 
whether the American Society Civil Engineers will accept the invitation the 
Joint Conference Committee become Charter Member the Federated Amer- 
ican Engineering Societies and informed the names delegates that may 

motion the Acting Secretary, duly seconded Past-President Marx and 
carried, the Acting Secretary was instructed reply that accordance with the 
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replies the Questionnaire recently submitted, this Society declines become 
Charter Member the Federated American Engineering Societies. 


ror MEMBERS AND COMMITTEES. 


Action was taken establishing mileage rate for members the Board 
Direction attending regular meetings the Board cents per mile, with 
further allowance per day include time spent traveling, and attend- 
ance the meetings, and further establishing similar mileage rate applicable 
Special Committees cents per mile, without per-diem allowance, the fore- 
going rates take effect this date, but cover travel and from this 
meeting well future meetings until otherwise ordered. 

The Acting Secretary moved that appropriation made $20, which the 
Chairman the Committee shall contribute the Fifth Avenue Associa- 


tion, with the understanding that this Society cannot become member that 
Association. 


This motion was seconded Past-President Marx and earried, concluding 


actions upon the several items and recommendations the Report the Finance 
Committee. 


Chairman Elwell the Publication Committee read the following report: 


1920. 


“Your Publication Committee has had two meetings since the August Board 
meeting Portland; namely, September 10th and October 28th, 1920, which, 
addition routine matters, there was considered the request this Board, made 
the August meeting the Publication Committee, outline programme for 
general discussion technical activities the year 1921. Accordingly the matter 
was considered meeting the Publication Committee September 10th, and 
the Secretary was instructed prepare for the consideration the Committee 
list subjects which have been covered recent volumes Proceedings and 
Transactions, also list subjects not covered. 

“This list now presented the members for their examination, and 
suggested that special discussion this subject had the conclusion the 
other business before the Board. 

“The matter uniformity letterheads for Local Sections was also referred 
the August Board meeting the Publication Committee that might make 
definite the Board the premises. 

“Your Committee now reports suggesting that the Board recommend all 
Sections the use them letterheads which shall include emblem consisting 
the official shield emblem the Society band 
should contain the title the Section with the year which its organization 
Association Members, Local Section, was approved the Board, th: 
shield white with blue letters, have background blue with whit: 
letters, preferred. The balance the letterhead consist the usu: 
descriptive matter such name officers, addresses, the extent that eac 
may consider desirable. 

“The Sections have all been informed the above, and the 
mendation the Publication Committee approved by. the Board means 
design emblems now used the Duluth, Philadelphia, St. Louis, San 
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San Francisco and Southern California Sections sanctioned, but will require 
change the part all other Sections. 


“All which respectfully submitted, 
Chairman.” 


motion Past-President Marx, duly seconded and the reeommenda- 
tions the Publication Committee regarding stationery for Local Sections were 
approved the action the Board. 

Vice-President Cummings moved that the Publication Committee instructed 
consider forms letterheads for Special Committees and report its 
mendations concerning the same the next meeting the Board. This was duly 
seconded and after discussion Messrs. Metealf, and Cummings. 


Chairman Cummings the Library Committee presented the following report: 


1920. 


AMERICAN SOCIETY CIVIL ENGINEERS. 


“Your Committee has had one meeting since the August Board meeting, 
which was decided the Board that since Article VI, Section 
the Constitution provides: ‘The Board Direction shall meet within twenty 
days after the Annual Meeting, and shall then appoint from its members Finance 
Committee five, Library Committee five’, and since July 28th, 1920, 
Dr. Chas. Warren Hunt ceased member the Board Direction 
becoming Secretary Emeritus that date, longer regarded member 
the Committee; and request the Board appoint the Acting Secretary fill 
the vacancy thus created. 

“Further progress has been made the matter the disposition duplicate 
volumes accordance with the this Committee the Board, 
$611.95 having been realized the present time. Further sale will perhaps 
realize more when the final disposition duplicates will have been completed. 

“Progress also being made the matter endowment fund for the Library 
the Engineering Societies Library. 

“The Society’s Exchange List was reviewed and some names were stricken 
from the list. 

“Several routine matters were also considered. 

“Respectfully submitted, 
Chairman.” 


motion, duly seconded and earried, this report was accepted and its several 
recommendations were approved the action the Board. 


New ENGINEERING COMMITTEE. 


Chairman Alvord the Committee Special Committees made verbal 
report, which recommendation that John Goodell, Am. Soe. 
E., made additional member the Special Committee Highway 

This recommendation was accepted and made the action the Board. 

Past-President Talbot reported recent activities Engineering Council, par- 


ticularly the business considered its meeting October 21st, 1920, 
Chicago, 
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CONTINUANCE ENGINEERING DISCUSSED. 


Vice-President offered resolution regarding the continuance Engi- 
neering Council. This was seconded Director Ketchum, and was the subject 
extended discussion Messrs. Alvord, Davis, Grunsky, Herschel, Hoyt, Hunt, 
Metealf, Tuttle, and Talbot. This discussion developed varying opinions and 
offers amendments which, after consideration and acceptance the mover 
the resolution, resulted follows: 


has decided not become Charter Member the Federated American Engi- 
neering Societies, and 


“Whereas: has been suggested that the work Engineering Council should 
turned over to, and taken by, the said Federated American Engineering 
Societies, 


“Resolved: That the Board Direction hereby instructs its representatives 
upon Engineering Council state Engineering Council that they cannot partic- 
ipate any action Engineering Council transferring its activities the 
Federated American Engineering Societies, and 


“Be Further Resolved: That the Board instructs its representatives express 
the Council its hope that Engineering Council will continue carry forward 
its work.” 

Past-President Herschel moved that the last clause the resolution stricken 
out. This motion was seconded Director Beahan and Past-Presi- 
dent Talbot, President Davis, and Directors Hunt and Tuttle, and lost show 

motion Director Marston the words “for the present” were ordered 
inserted after the word “will” the last paragraph, and the resolution amended 
was, “aye” and “no” vote, adopted the following form: 

“Whereas: The American Society Civil Engineers vote 3278 


2330 has decided not become Charter Member the Federated American 
Engineering Societies, and 


“Whereas: has been suggested that the work Engineering Council should 


turned over to, and taken by, the said Federated American Engineering 
Societies, 


“Resolved: That the Board Direction hereby instructs its representatives 
upon Engineering Council state Engineering Council that they cannot partic- 
ipate any action Engineering Council transferring its activities the 
Federated American Engineering Societies, and 


“Be Further Resolved: That the Board instructs its representatives express 
the Council its hope that Engineering Council will for the present continue 
forward its work.” 

The Acting Secretary presented report signed Messrs. George Clark, 
Langthorn, and Carleton Greene, who had been appointed President Davis 
pursuance the action the Board Direction its meeting August 9th, 
1920, canvass the Preliminary Suggestions for Members the Nominating Com- 
mittee for the year 1921. 

The Acting Secretary presented letter from Davies, Am. Soe. E., 
regarding the proposed re-districting the Society, and motion this letter was 
referred the Committee Re-districting for consideration preparing its 
report made later the meeting. 
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COMMITTEE DESIGN AND CONSTRUCTION. 


The Acting Secretary reported the appointment President Davis Messrs. 
Robinson, Henry Seaman, Turneaure and Worcester the Special 
Committee Consider and Recommend for Adoption Specification for Bridge 
Design and Construction, accordance with the action the Board Direction 
its meeting August 9th, 1920.* action was taken the Board em- 
powering the Committee select its own Chairman. 

motion the Acting Secretary, seconded Director Hunt, the following 
resolution was adopted: 

“Resolved: That the sense this Board that the Special Committee 
Bridge Design and Construction should, far may practicable, confer 


and with similar existing committees the American Railway Engi- 
neering Association, and the Engineering Institute Canada.” 


Adjourned 1.05 fordunch. 


Afternoon Session 


The Board reconvened M.; President Davis the chair; Crocker, 
Acting and present, also, Messrs. Alvord, Beahan (came 2.35 M.), 
Clark, Cummings, Curtis, Elwell, Fort, Greene, Grunsky, Hawgood, Herschel, 
Hoyt, Hudson, Hunt, Ketchum, Langthorn (came Marston, Marx, 
Metealf, O’Connor, Pegram, Stuart, Talbot, Tuttle, Wagner, and Wall. 


ENGINEERING FOUNDATION ENDOWMENT 


Past-President Pegram referred informal address made luncheon 
Mr. Charles Rand, relating the programme and progress Engineering 
Foundation soliciting funds for its endowment, and presented the following 
resolution, which was seconded Past-President Marx, and carried unanimously: 

“Resolved: That the officers this Society authorized and requested 
with the officers Engineering Foundation, and the officers the 
American Institute Mining and Metallurgical Engineers, the American Society 
Mechanical Engineers, and the American Institute Electrical Engineers, 
promulgating plan for increasing the endowment Engineering Foundation, 


and that when the plan adopted the officers this Society are hereby authorized 
the membership this Society with reference thereto.” 


Consideration was had the action the Board its meeting October 
1920, referring the Conference Committee Research letter dated 
October 7th, 1920, from Adams, Chairman, Division Engineering, National 
Research Council, regarding its post-war reorganization. This further pre- 
sented plan with special reference the co-operation the Engineering 
Societies its work, and invited this Society appoint about fifteen members 
its Advisory Committee Civil Engineering, and invite other interested 
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organizations nominate from one three representatives, according the 
degree their interest, the appointment these nominees made the 
Board Direction; also take active part the functioning of, well 
the organization of, this Advisory Committee and its sub-committees. 

This proposal was discussed Messrs. Alvord, Cummings, Ketchum, Marston, 
Marx, and Talbot. Past-President Marx offered the following motion, which was 
seconded Director Marston: 


“Moved: That the whole matter referred Committee the Board con- 
sisting the members the Conference Committee Research, and the members 
the Committee Special Committees, together with the Acting Secretary. 
Further, that this Committee consider and formulate policy the Society 
regarding participation this contemplated work the National Research Coun- 
cil, and that report the Board its the premises, with 
personnel the proposed Advisory Committee Civil Engineering the National 
Research Council, this report made the next regular meeting the Board.” 


This motion was carried unanimously. 


RESOLUTIONS REGARDING COMMITTEES EXTERNAL RELATIONS. 


Director Hunt proposed, and Director Grunsky seconded, the following resolu- 
tion: 


“Whereas, referendum vote the membership the Society canvassed 
November 8th, 1920, the proposal that the Society should join the Federated 
American Engineering Societies was negatived, and 


“Whereas, this proposal was the outcome the deliberations and 
tions the Development Committee the American Society Civil Engineers, 
and 

“Whereas, this negative action leaves the American Society Civil Engineers 
anomalous position regards its relation public matters, especially view 
the action the other Founder Societies joining the Federated American 
Engineering Societies, and view the probable discontinuance the activities 
Engineering Council, therefore 


“Resolved: That the President hereby directed appoint committee 
consist all living Past-Presidents the Society, with the present President 
Chairman, consider the entire situation and report the Board its recom- 
mendations what, any, action the Board should take the premises.” 

This resolution was discussed Directors Tuttle and Hunt. 

Vice-President offered the following substitute: 

“Whereas, the American Society Civil Engineers has voted not become 
Charter Member the Federated American Engineering Societies and 


“Whereas, the Questionnaire April 14th, 1920, the Society approved 
idea ‘actively co-operate with other engineering and allied technical 
promoting the welfare the Engineering Profession’, 


“Resolved: That the following Committee Corporate Members the Society 
not members the Board Direction appointed consider and 
the Board plan for determining and governing the external relations this 
with other engineering societies.” 

list proposed members followed). 

These resolutions were discussed Messrs. Beahan, Hawgood, and Hunt, 
Vice-President invited suggestions change the personnel 
Committee proposed him. 
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Director Hunt moved amendment the substitute resolution, the effect 
that the names omitted from their entirety. 
Director Wall. 

Vice-President Stuart moved the matters under consideration laid the 
table until o’clock the following day. The motion was seconded Director 
Hudson, and lost “aye” and “no” vote. 

The vote was taken roll-call the amendment offered Director Hunt, 
with the following result: “Ayes”: Beahan, Clark, Davis, Elwell, Grunsky, Haw- 
good, Herschel, Hoyt, Hunt, Marston, Marx, Talbot, Wagner and Wall—14; 

noes”: Alvord, Crocker, Cummings, Curtis, Fort, Greene, Hudson, Ketchum, 


O’Connor, Pegram, Stuart and Tuttle—12; amendment carried, Vice-President 
not voting. 


This motion was seconded 


President Davis stated vote would now taken the substitute resolution 
with the names stricken out. 

Director Hunt moved that the resolution laid over until the following 
morning o’clock, when made special order business. Director Clark 
seconded this motion, and was carried “aye” and “no” vote. 

Subsequently, statement Director Marston that four members the 


Board would unable attend the Wednesday session, this matter was made 
the order business for the evening session this day. 


Report QUESTIONNAIRE AND AMENDMENTS. 


Chairman Talbot the Committee “to prepare and submit the membership 
necessary Questionnaire covering essential the Committee 
Development, and its special committee” (the Conference Committee), and 
appropriate amendments the Constitution for presentation the 
Annual Convention 1920, made verbal final report descriptive the work the 
Committee, and recommended that topics the Report the Committee 
Development that have not been finally reported referred the Committee 
Referred Amendments constituted the meeting the Board Direction 
August 12th, 1920. further requested that the Committee discharged. 

motion, the recommendations the Committee, including that its dis- 
charge, were made the unanimous action of.the Board. 

Director Hoyt moved that the Roll Honor process preparation 
the Secretary there included the previously published names those 
members the Society who received commissions, but who for one reason 

did not enter active service. 


The subject was Messrs. Beahan, Crocker, Hoyt, Ketchum, Marston 
Marx. The motion was lost “aye” and “no” vote. 


FINANCING JOINT MEETINGS. 


Referring the action the Board Direction August 9th, 1920, 
recommendation the Joint Finance Committee the four Founder 
Societies regarding financing joint meetings, the Acting Secretary reported 


‘vag 
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that its meeting October 1920, the Joint Finance Committee had taken 
the following action: 


“Voted: That the Chairmen the Finance Committees the four Founder 
Societies appointed Special Committee formulate plan procedure for 
financing joint meetings two more Founder Societies other than those 
arranged for the duly authorized regular committees the Founder Societies.” 

was understood that the Secretaries the four Founder Societies will first 
formulate tentative plan procedure for the consideration the Special Com- 
mittee, but the Acting Secretary stated that the Secretaries the Founder 
Societies had not yet proceeded with the formulation definite plan. 

reference the action the Board its meeting August 9th, 1920, 
disapproving the proposed issuance circular letter the Engineering Societies 
Service Bureau selected contractors and employers engineers, soliciting con- 
tributions fund for the maintenance work the Bureau, the Acting Secretary 
presented letter dated October 5th, 1920, from Mr. Calvin Rice, Chairman 
the Directors the Bureau, making explanations regarding premature issue 
number such circular letters, and “in order with the 
wishes your Board, more requests have been issued and the present 
intention return the money received.” 

The Acting Secretary reported progress the matter acquiring information 
the probabilities action the various International Engineering Societies 
looking toward participation the proposed International Engineering Congress 
Sweden 1923. 


Progress was reported Alfred Noble Memorial Committee, and the 
addition its membership George Gibbs, Am. Soe. E., was announced. 

Acceptance Talbot, Past-President, and John Hayford, Am. 
Soe. E., representatives this Society the American Association for the 
Advancement Science, was 


TEACHING QUALIFICATION ADMISSION. 


accordance with instructions from the Board its meeting August 9th, 
3920, the Acting Secretary reported previous actions the Board and the 
Society respect the treatment teaching forming part the qualifi- 
cations candidates for admission the Society, follows: 

The provision the present Constitution: “The performance the duties 
Professor Engineering technical school high grade shall taken 
equivalent equal number years actual practice”, has been part the 
Constitution the American Society Civil Engineers since March 4th, 1891. 
the result motion made the late Prof. Johnson, Am. Soe. E., 
the Annual Meeting 1891,* and since that time the Board has continued 
consider the work Professor Engineering equivalent active 
but not responsible charge. 

Early 1916 questionnaire was issued Committee the Board 
was considering revision the.Constitution. Question read: “Shall the 


wm 


Proceedings, Am. Soc. January, 1891, 24. 
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responsible charge engineering work? (At present such duties are only 
considered active practice)”. The vote this resulted follows: “Yes”, 
283; “no”, 1804; majority against, 521. 

The subject was Messrs. Alvord, Hudson, Ketchum, Marston, 
Marx and Talbot. 

motion Director Alvord, seconded Director Hudson, action was taken 
instructing the Secretary include that portion the Year Book descriptive 
qualifications applicants for membership clause the effect that responsible 
charge Engineering teaching shall construed responsible charge 
Engineering work, required the Constitution, for admission Corporate 
Membership. 

motion Past-President Talbot, seconded and carried unanimously, 
Committee consisting Messrs. Ketchum, Alvord and Marston was appointed 


with instructions prepare the phrasing the said clause for the consideration 
the Secretary. 


The Acting Secretary reported, matter information, the appointment 
Augustus Downing, Assistant Commissioner and Director Professional 
Education, The University the State New York, the following members 


the New York State Board Licensing for Professional Engineers and Land 
Surveyors: 


Col. Wilgus, American Society Civil Engineers; Maj. Percy Barbour, 
American Institute Mining and Metallurgical Engineers; Virgil Palmer, 
American Society Mechanical Engineers; Reist, American Institute 
Electrical Engineers; and, Hooker, Society. 


Consideration was had request from Adams, Chairman the Divi- 
sion Engineering, National Research Council, that this Society appoint two 
delegates attend conference* November 11th, 1920, the Engineering 
Societies Building, complete and improve organization plan and out 
National programme highway research, and further requesting that these 
representatives given instructions certain points. 

Director Marston moved that two members this Board, not present mem- 
bers the Research Council, appointed attend this meeting. This motion 
was seconded Past-President Marx, and later amended designate Vice- 
President Cummings and Director Langthorn such representatives, which 
form the motion was carried. 

Further action was taken adoption Director Marston’s suggestion that 
these representatives advised: 

(a) The American Society Civil Engineers willing assist the col- 
lection funds for the administrative expenses the organization manage the 
National programme highway research, but will not contribute toward such 
expenses from the regular funds the American Society Civil Engineers. 
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(b) The American Society Civil Engineers will assist the National pro- 
gramme highway research giving appropriate publicity the progress the 
movement. 

(c) The American Society Civil Engineers will take active part the 
movement appointing representatives General Advisory Board High- 
way Research, and giving hearty moral support. 


Referring the action the Board the meeting August 9th, 1920, 
referring Engineering Council the suggestion Christie, Chairman 
the Committee the American Society Mechanical Engineers Code 
that universal Code Ethics might developed all 
engineers and architects, the Acting Secretary presented communications from 
Mr. Christie, Chas. Main, Am. Soe. E., and Rice the 
American Society Mechanical Engineers, requesting co-operation this Society 

motion, seconded and Vice-President Metcalf and Treasurer Tuttle 
were appointed committee co-operate with the American Society 

The Acting Secretary reported that party about 150, consisting Governor 
Hugh Dorsey, Georgia; President Matheson the Georgia School 
Technology; and 100 leading manufacturers and merchants Georgia; together 
with members the Georgia Society New York and members the Georgia 
Tech Club New York, would visit the Engineering Societies Building November 
23d, 1920, for the purpose acquiring information regarding the quarters and 
activities the Founder Societies. 

was moved that Allen Hazen, Am. E., appointed Chairman 
Reception Committee ten, with authority select the remaining nine mem- 
bers. The motion was seconded Past-President Marx and unanimously 
Subsequently, Mr. Hazen appointed Messrs. Solomon, Hunley Abbott, 
and Perry, complete the personnel this Committee. 


New AMERICAN BuREAU WELDING. 

account pressure other activities connection with the work the 
Society, Vice-President Cummings offered his resignation its representative 
the American Bureau Welding. This resignation was accepted, and the Presi- 
dent was authorized appoint successor. Subsequently, Davis, Am. 
E., was appointed the Society representative. 

The admission the Department the Interior, the Gas Group, and the 
American Railway Association American Engineering 
Committee, was approved. 

Report was made the Acting Secretary informal arrangement 
the Secretaries the four Founder Societies whereby Capt. Robert Hunt, Am. 
Soe. E., was appointed delegate, with Archibald Baldwin, Am. Soe. 
alternate, the Educational Conference the occasion the inauguration 
President Burton the University Michigan, October 14th-15th, 1920. lic 
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stated that Capt. Hunt was unable serve, Mr. Baldwin had attended the 
Educational Conference the joint representative the four Founder Societies. 

communication from Dimock, Am. E., dated October 4th, 
1920, and addressed President Davis, suggesting the appointment Special 
Committee study the problem substituting electric power for steam loco- 
motives railroad transportation, motion, duly seconded and was 
referred the Committee Special Committees for consideration and report 
the next meeting the Board. 


CoMMITTEE CO-OPERATE SECURING APPOINTMENT ENGINEER 
INTERSTATE COMMERCE 


Director Ketchum offered the following resolution: 


“Resolved: That committee consisting Messrs. Chas. Hansel, James 
Tighe, Edward Lee, Chas. Churchill, and Samuel Murray, appointed 
co-operate with similar committees other Engineering Societies, and Engineer- 
ing Council such action may properly taken secure the appointment 


engineer the Interstate Commerce Commission.” 


This resolution was seconded Director Hunt, discussed Messrs. Elwell, 
Herschel, Ketchum, Marx, and Talbot, and passed “aye” and “no” vote. 


New AND STUDENT CHAPTERS. 


The Acting Secretary reported that the Cincinnati Section, having paid-up 
members, has duly qualified and has been added the list Sections the 
Society. 

further presented Constitution the proposed Oklahoma Section and 
recommended its approval. This approval was given, and the recognition the 
Section was authorized, effective when shall have acquired qualified 
members. 

Approval was given the establishment the following Student Chapters: 

Civil Engineering Society Rensselaer Institute Student Chapter. 

University Pennsylvania Student Chapter. 

The Pennsylvania State College Student Chapter. 

Drexel Institute Student Chapter. 

University Colorado Civil Engineering Society Student Chapter. 

State College Student Chapter (Conditionally). 

Washington University Collimation Club Student Chapter. 

Publication Proceedings lists Student Chapters, and dates which 
they were severally organized, was authorized. 

motion, duly seconded and Past-President Talbot and Directors 
Hudson and Marston were appointed Committee formulate rules governing the 
Student Chapters, define their connection with the Parent 
Society, decide upon what terms and conditions publications may furnished 
student members, and determine detail the extent the recognition 
accorded them the Society. Subsequently, this Committee selected Director 
Marston its Chairman. 
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Chapters, just mentioned. 


Evening Session 


The Board reconvened M.; President Davis the chair; Crocker 


Acting Secretary; and present, also, Messrs. Alvord, Beahan, Clark, Cummings, 


Curtis, Elwell, Fort, Greene, Grunsky, Hawgood, Herschel, Hoyt, Hudson, Hunt, 
Ketchum, Langthorn, Marston, Marx, O’Connor, Pegram, Stuart, Talbot, 
Tuttle, Wagner, and Wall. 

accordance with previous action making special order business, the 
Acting Secretary read the resolution Director Hunt and the substitute motion 
Vice-President Metcalf relative the appointment Committees consider 
the external relations the Society, amended.* 

the suggestion Vice-President Metcalf, each member present expressed 
his views regarding the questions before the meeting. 

Supporting opinion expressed Past-President Talbot the effect that 
Committee members the Board (suggesting names Messrs. Alvord, Crocker, 
Davis, Grunsky, Ketchum, Marston, Metealf, Tuttle and Wall) might present 
more effective solution the problems hand than would either the Com- 


mittees previously suggested, Director Hunt moved substitute for the resolu- 
tions now under consideration: 


“That Past-President Talbot and Vice-President Metcalf requested 
prepare resolution along the lines suggested the former, and that the Com- 
mittee selected shall composed members the Board, which Committee 
shall give the Board its best advice and assistance the situation.” 

The motion was seconded Past-President Marx and, after discussion, was lost 
show 12; “noes”, 13. 

Vice-President Stuart moved amendment make the last clause read: 

“Resolved: That Committee Corporate Members the Society not mem- 
bers the Board Direction appointed consider and recommend 
Board its next meeting suggestions for determining and governing the external 
relations the Society with other Engineering Societies.” 

The amendment was seconded Director Ketchum, and 

The substitute resolution Vice-President Metcalf, amended, was then 

Treasurer Tuttle moved the appointment the Committee named Vice- 
President original substitute resolution, this Committee report the 
Board its The motion was seconded and discussed Messrs. 
Marx, Davis and Metcalf. 

Director Hunt moved that the names members the Board suggested 
Past-President Talbot substituted for those proposed Vice-President 
Director Elwell seconded the motion, but was ruled out order the Chair. 
continued. 


inquiry from Prof. Lewis Fussell regarding the establishment Student 
Chapter Swarthmore College was referred the Committee Student 
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Director Marston offered substitute motion, that this Committee shall 
selected represent the views those who think should not into the 
Federation and proceed along the lines the Committee Development. This 
motion was not put vote. 

Vice-President presented detail the qualifications the proposed 
members the Committee, and his reasons for their selection. expressed 
willingness make changes that might the Directors from the 
several Districts which the different members the Committee reside. 

Certain substitutions for names were made, and Treasurer Tuttle moved that 
the District numbers expunged where appearing opposite the names the 
members the Committee. The motion was lost. 


RESOLUTION FOR COMMITTEE EXTERNAL RELATIONS. 


The resolution was carried “aye” and “no” vote its revised form, 
follows: 


“Whereas: The American Society Civil Engineers has voted not become 
Charter Member the Federated American Engineering Societies, and 

“Whereas: the Questionnaire April 14th, 1920, the Society approved the 
idea co-operate with other engineering and allied technical associa- 
tions promoting the welfare the Engineering Profession,’ 

“Resolved: That the following Committee Corporate Members the Society 
not members the Board Direction appointed consider and 
the Board its next meeting suggestions for determining and governing the 
external relations this Society with other engineering societies. 


District No. District No. 
Marshall, Jr., Chairman Fred Randlett........... 


Director moved that mileage allowed for attendance one Com- 
mittee meeting. The motion was seconded Past-President Marx, and carried 
unanimously. 

The meeting adjourned 10.15 M., meet 9.30 November 10th, 1920. 


November 10th, 1920.—The Board met 9.40 President Davis the 
chair; Crocker, Acting Secretary; and present, also, Messrs. Alvord, Clark, 
Cummings (came 10.05 Curtis, Greene (came 11.15 M.), 
Grunsky, Hawgood, Herschel, Hoyt, Hudson, Hunt, Ketchum, Marston, 
Pegram, Stuart (came Talbot, Tuttle, and Wall. 

Chairman Hoyt reported progress the Committee Re-districting, and 
requested further time. motion Past-President Pegram, seconded 
Director Ketchum, the request was granted. 


action the following day, this resolution was changed substituting the phrase “make 


recommendations the Board before January 1921, its suggestions for determining 
and 
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List TECHNICAL DISCUSSED. 
accordance with the action the Board its meeting August 9th, 
1920, consideration was had the technical activities the Society whole, 
with especial reference the action the Publication Committee preparing 
programme for general discussion technical activities the year 1921. 

The list subjects prepared the Acting Secretary for the Publication 
Committee was presented and discussed detail. was decided revise the list 
again after shall have been studied the members the Board, and later 
publish revised for the benefit the membership the Society large. 

motion Director Hunt, duly seconded and the Chairmen the 
Standing Committees the Board were appointed Committee prepare the 
Annual Report the Board Direction for the year 1920. 


ANNUAL CONVENTION, Boarp. 


Consideration was given the question where the 1921 Annual Conven- 
tion should held. was explained that under the former action the Board, 
establishing definite rotation for Conventions, the 1920 Convention should have 
been held District No. 11, the 1921 Convention District No. and the 1922 
Convention District No. 12; but that, special arrangement, District No. 
had yielded its place District No. order return the regular plan, 
the 1921 Convention should held District No. and the 1922 Convention 
District No. 11. 

motion, representatives the Board from District No. were requested 
report the Board its next meeting the desire that District the matter 
time and place holding the 1921 Convention, and was understood that 
Director Hawgood would consult with members the Society resident District 
No. 11, and report the next meeting their feeling regarding the holding the 
Convention that District 1922, instead 1921. 

The Acting stated that the next Intermediate Meeting the Board 
would held December 6th, 1920, and moved that the next regular meeting 
the Board held January 17th, 1921. The motion was seconded and 
carried. 

CoMMITTEE EXTERNAL RELATIONS. 


Vice-President Stuart took the floor and length the previous 
action the Board appointing Committee report the external welfare 
the Society, and expressed his belief that the Past-Presidents the Society 
consulted before further steps are definitely taken the Board its 
meeting. 

offered resolution along these lines, which was discussed sever:! 
members, who made suggestions amendment detail, following which, 


motion Vice-President Stuart, seconded Director Marston, the 
action was taken: 


“That Committee appointed consisting all the living 
the Society, which Committee will requested review and transmit the 
Board the Report the Committee Corporate Members heretofore appointed 
this meeting consider and recommend suggestions for determining and 
ing the external relations this Society with the other Engineering Societies: 
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that the Committee Past-Presidents requested take cognizance the 
history the Society for the last three years,* and give the Board the benefit 
its advice the next regular meeting the Board held January 17th, 
1921; and further, that members shall constitute quorum the said Com- 
mittee for the transaction business, due notice having been given all mem- 
bers its proposed meetings, and that the Committee shall select its own 
Chairman.” 

Further action was taken instructing the Acting Secretary arrange the 
date for the meeting the Committee Past-Presidents soon practicable 
after January 1921. This action modified the previous action the appoint- 
ment the Committee External Relations indicated the footnote, page 
909. The final form the resolution was printed Proceedings for November, 
1920, page 834. 

The Acting Secretary moved that the members the Committee Past-Presi- 
dents allowed mileage for attendance its meeting. This motion was seconded 
Past-President Curtis, and 

Adjourned 11.50 M., reconvene the conclusion the meeting the 
Membership Committee. 


The Board reconvened 5.52 M., immediately upon adjournment the Mem- 
bership Committee; President Davis the chair; Crocker, Acting Secretary 
and present, also, Messrs. Alvord, Clark, Cummings, Ketchum, Talbot, 
Tuttle, and Wall. 

The report the Membership Committee was presented. motion, duly 
seconded, the recommendations this report, which were not read, were adopted 
the action the Board. 

Adjourned 5.54 M., meet December 6th, 1920, the Society’s Headquarters 
New York City. 


December 6th, 1920.—The Board met the Headquarters the 
Society; Vice-President Cummings the chair; Crocker, Acting Secretary 


and present, also, Messrs. Clark, Curtis, Elwell, Greene, Ketchum, Pegram, Tuttle, 
and Wagner. 


Ballots for membership were canvassed, resulting the election Members, 
Associate Members, Associates, and Juniors, and the transfer Juniors 
the grade Associate Member. 

Twenty Associate Members were transferred the grade Member. 

report from the Membership Committee was received and acted on. 

Adjourned. 


The Acting Secretary subsequently forwarded members both Committees memorandum 
the history the work the Committee Development. 
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LIST TECHNICAL SUBJECTS FOR PAPERS 


The following classified list subjects proposed for the future technical 
activities the Society was discussed the meeting the Board Direction 
held November 10th, 1920, and ordered printed for the information the 
membership. These subjects are suggested order stimulate the preparation 
valuable papers covering branches engineering which have not been fully covered 
the Society publications recent years, with the hope that the technical 
programmes the Society and its Sections for 1921 will include notable 
these fields. 

Design Skew Arches. 
Relative Importance Secondary Stresses; When Necessary Consider Them 
Design. 
Modern Bridge Erection. 
Long Concrete Girder Bridges. 
Machinery for Movable Bridge Operation. 
Standardization Highway Bridges. 
Methods Strengthening Highway Bridges. 
Pre-cast Concrete Units Viaduct and Bridge Construction. 


Design Structures that Contain Granular Material, Such Grain, Coal, ete. 

Practical Methods for Design Indeterminate Structures—Flat Slabs and Build- 
ing Frames, including Wind Stresses Steel Frames. 

Reinforced Concrete Office Buildings. 

Practical Methods Form Construction. 

Erection Methods Building Construction. 


CEMENT AND CONCRETE. 
Results Recent Investigations. 

Selection and Proportioning Materials. 

Light Weight Aggregate. 

Chemical Effect Sewage Concrete. 


CONTRACTS AND CONSTRUCTION. 
Some Lessons from War Contracts. 

Recent Developments Form Construction. 

Equitable Forms 


Dams. 
Results Pressure Measurements Uplift, ete. 
Movable Crest and Tilting Dams. 


Economics. 
Highway Bridges. 
Economies. Buildings. 
Financial Problems Irrigation and Flood Control Projects. 
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Changes Engineering Education Due War Experience. 
Development Co-operative Methods Engineering Education. 


Design and Investigation Foundations for Buildings. 
Foundation Failures and Their Lessons. 
New Forms Piles for Foundations. 


Works. 
Comprehensive Design Harbor Developments. 
Harbor Works Affected the Ultimate Size Sea-Going Vessels. 
Protection Structures Against Ravages the Teredo and 


New Developments Weirs. 
Design Pipe Lines and Siphons. 
Laying Sub-aqueous Pipe Lines. 
Design Intakes. 
Inverted Siphons Under High Velocity Experiments. 


Recent Projects Flood Control and Irrigation. 


Drainage Projects. 


State and Federal Aid Drainage and Irrigation Systems. 
Bridge Piers Flood Flow. 


MATERIALS CONSTRUCTION. 
Furnaces and Electric Steel. 
Electrolysis Concrete. 
Alloy Steels. 
Railroad Rails and Causes Breakage. 
Causes Failure Steel Castings. 


ENGINEERING. 


Lessons Military Engineering from the World War. 
Military versus Civil Engineering Design. 


MINING. 
Mining Engineering Methods Affected the War Experience. 
Gold-Mining Dredges. 
MISCELLANEOUS. 
Technieal Progress and Professional Welfare. 
New Forms Engineering Service; Management and Human Engineering. 


Use the Principles Homology for Determining Experiments with Models 
the Results Expected Large Structures. 
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The Structural Theory Pipes Ditches and Embankments; Loads and Sup- 
porting Strengths. 


ENGINEERING AND SANITATION. 
Modern Street Cleaning Methods. 
Utilization Garbage. 
Activated Sludge Method Sewage Disposal. 
Principles City Planning. 
Housing Developments. 
Effect Curvature Sewer Design. 
Power 
Principles Super-Power Development. 
High Towers for Transmission Lines. 
RAILROADS AND TRANSPORTATION. 
Recent Electrifications Steam Railroads. 
Economies Electrification. 
Oil Fuel for Locomotives. 
Feeder Lines and Suburban Freight Service. 
Freight Terminal Developments. 


Railroad 
Train Control. 

Modern Railroad Yards. 

Pulverized Coal Fuel for Locomotives. 
Metal and Composite Ties. 


STREETS AND PAVEMENTS. 
Design Concrete Roads. 

Reconstruction Repair Roads, and Effective Methods Maintenance. 
Impact and Wear 

Pre-Cast Concrete for Roads. 

Labor-Saving Devices Highway Construction. 

Effect Roads Motor Operation Costs. 

Importance Drainage Road Construction. 

Concrete Road Specifications. 
Highway Systems. 


STRUCTURAL ENGINEERING. 

Field Measurements Stresses and Earth Pressures Check 
Assumptions. 

Welded Joints Structural Steel. 

Ship Design and Construction. 

Fundamental Assumptions Upon Stresses. 

Temperature and Shrinkage Stresses Concrete. 

Structural Design Aeroplanes. 
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Consistent Design Methods for Structures Resisting Earth Pressure; Walls 
Tunnels. 

Ventilation Buildings. 

Concrete Oil-Storage Tanks. 

Laboratory Tests versus Tests Actual Structures. 


SURVEYING AND 
Developments Surveying. 
Aerial Mapping. 
Map-Making Agencies. 

TUNNELS AND SUBWAYS. 


New Methods Subway Construction. 
Recent Tunnels; Design and Construction. 


Power Plants. 
Turbines. 
Water Works Modern Type. 
Water-Works Finance. 


Summary Experience with Wood-Stave Pipe. 


WATERWAYS AND CANALS. 
Operation the New York State Barge Canal. 
Recent Developments the Eastern United States Canal Situation. 
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PROGRESS REPORT SPECIAL COMMITTEE REPORT STRESSES 
RAILROAD TRACK 


The Special Committee Report Stresses Railroad Track, co-operating 
with similar committee the American Railway Engineering Association and 
the American Railway Association, presents the following report progress: 

continuation the programme the Committee, field tests railroad track 
were carried during the summer season. The tests were conducted the 
tracks the Illinois Central Railroad, the Delaware, Lackawanna, and 
Western Railway, New Jersey, and the Atchison, Topeka, and Santa Rail- 
way, New Mexico and Iowa. The tests were made tangent track and 
track, several different curvatures being used. principal purpose the 
tests was find the effect curvature track the stresses the rail 
(including lateral bending stresses), caused locomotives different types run 
different speeds, compared with the stresses developed straight track. 
Several types locomotives were used—Pacific, Mountain, Santa Fé, Mikado, 
Ten-Wheeler, ete. Work preliminary nature was also done find the effect 
the flat spots wheels the stress the rail. 

All the tests were carried much the same way those described the 
reports the Committee already presented the Society. large amount 
data has been and will require several months reduce these data 
and further time study the results. Preliminary work the data indicates 
that the tests will give important information stresses developed curved track. 

The Committee continuing work other phases the subject assigned it. 


Respectfully submitted, 


7 
q 
q 
q 
q 
4 


December, 1920.] ITEMS INTEREST 


ITEMS INTEREST 


The Committee Publications will glad receive communications 
general interest the Society, and will consider them for publication 
Proceedings “Items Interest”. This intended cover letters 
suggestions from our membership concerning matters which are not 


technical character. Such communications, however, must not controversial 
commercial. 


THE ENGINEERING FOUNDATION 


The Foundation was established 1914 “for the furtherance 
research in, science and engineering, for the advancement any other manner 
the Profession Engineering and the good mankind”, and for the following pur- 
poses: promote and support worthy researches related all its 
branches; establish and operate engineering research laboratories, funds 
provided co-operate with National Research Council and the Engineer- 
ing Societies the stimulation and co-ordination research. 


ENDOWMENT NEEDED. 


The Foundation needs large increase endowment. obliged frequently 
refuse support research projects because lacks funds. Gifts 
$1000 more are desired. Each donor more will honored 
Founder. Gifts the Foundation are exempt from income tax. 

Gift for research productive investment. 

The Engineering Foundation administered under the auspices the United 
Engineering Society, the American Society Civil Engineers, the American 
Institute Mining and Metallurgical Engineers, the American Society 
Engineers, and the American Institute Electrical Engineers, 
board thirteen representatives these Societies, and three members large. 

progress report the Foundation, form Deed Gift, and other informa- 


tion will sent the Secretary, Alfred Flinn, Am. Soe. E., West 
Street, New York City, request. 


Plan Organization, Division Engineering, National Research Council 


Action was taken the Board Direction its meeting held November 
1920, the following letter from Adams, Chairman the Division 
Engineering, National Research Council. Committee* was appointed con- 
sider the proposal and formulate policy the Society regarding this 
contemplated work the Council. This Committee also recommend the 
personnel the proposed Advisory Committee Civil Engineering and report 
the next regular meeting the Board, January 17th, 1920. 


7TH, 1920. 


“GENTLEMEN.—Since the post-war reorganization the Division Engineering 
the National Research Council, its membership has been made largely 
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official representatives the Engineering Societies, with the intention enlist- 
ing the co-operation these societies. The experience the past year has shown 
that this connection serve its purpose, some more effective machinery 
must established. The Division Engineering now presents the 
following plan for the organization its work, with special reference the co- 
operation the Engineering Societies. 

“The plan shown the accompanying chart. 


Physical Sciences Government Division 


Diisionot Chemstruand ChenricalTehi Dwision of Foreign Relatiors 
Division of Medical Sciences NATIONAL RESEARCH COUNCIL Division of Educational Relations 
Division of Biologyand Agriculture Division of Research Extersion 


Division of Anthropology and 


Bsychology 


Research Information Service 


Western Engrs Electrical Engrs 
Soc. Heating and Ventilating Engrs 
Soc. Automotive Engrs Am. Soc. Engineers 


Asst State Highway Officials Bureau of Public Roads 


Am, Concrete Inst Soc NavalArch.and Marine Engrs 


Am. Railway Eng. ASSOC. Soc Automotive Ergrs 
Am Soc CE ENG. AmSoc ME | 
ENG.ADVISORY 
Society mprovenients 


Western Soc of Engrs Nat Too! Builders Assoc 


Etc. Etc 


Committees Committees 


ot 


ORGANIZATION PLAN FOR WORK THE DIVISION ENGINEERING, NATIONAL RESEARCH COUNCIL. 


“In each field covered one the representative societies, there 
organized general group Advisory Board (or Committee), made 
representatives all organizations having active interest this 
field research, but with major representation from the engineering society having 
major interest. There will also few members large when that 
desirable. 

“The Society major interest will known the Sponsor Society for the 
field question, and hoped that the Sponsor Society will not only 
this Advisory Board Committee its own Research Committee but 
take active part its organization and operation. some the 


already have research committees which could expanded reorganized 
this purpose. 
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“The functions one these Advisory Committees are fairly well indicated 
the accompanying diagram organization; they are, briefly, (a) act 
clearing house, steering committee and co-ordinating agency for the research work 
its field; (b) select the most promising and feasible researches its field, and 
organize the corresponding research committees; (c) consider ways and means 
for the conduct these researches; and (d) deal with all questions publicity. 
The Advisory Committee will fairly large and will have infrequent meetings, 
most the work being handled its Committee. 

“For your further information, there enclosed herewith copy fairly 
full report the present activities the Division Engineering, pages 1-4 
which will found general outline the organization with complete chart 
existing committees. 

“Tn order put the proposed organization into effect, the Division Engineer- 
ing cordially invites the President and Board Direction the American Society 
Civil Engineers, appoint about fifteen members the Advisory Com- 
mittee Civil Engineering, and invite the other interested organizations, some 
which are indicated the chart, nominate from one three 
representatives according the degree their interest; the appointment these 
nominees made your President Board Direction; (b) take active 
part the functioning of, well the organization of, this Advisory Com- 
mittee and its sub-committees. 

“The resulting committee will then adopted the Engineering Division 
the National Research Council its Advisory Committee Civil Engineering, 
and the appointment the members will confirmed the Council. The Com- 
mittee will then report both the American Society Civil Engineers and 
the Engineering Division the National Research Council. 

“Several plans organization have been considered, but the one here proposed 
has been selected most likely enlist the active support the Engineering 
Societies, the which make the Engineering 
the societies are not ready take active part this important movement, 
another form organization would preferable. attempt has been made 
outline the details the organization, many these will have adjusted 
meet the conditions found each particular field. For example, probable 
that some may desirable have sub-groups, such Sanitary 
Engineering and Highway Engineering. 

“In making this proposal, should clearly understood that the Engineering 
Division the National Council does not wish take over any work 
which properly belongs the Engineering Societies and which these societies are 
willing undertake; but merely act the co-ordinating agency and out 
the purpose the National Research Council stimulating, aiding and encourag- 
ing engineering research work, whenever the opportunity offers, and any 
manner which the conditions may demand. 

“The administrative expenses the Division Engineering are paid part 
the National Research Council from the income its endowment, and part 
the Engineering Foundation. The funds needed for conducting specific 
researches usually come from the interested industries. some cases, contribu- 
tions take the form part time services staff engineers, the facilities the 
laboratories with which they are connected, material needed for the investiga- 
tions. some eases, notably that our Fatigue Phenomena Research, funds 

“Thus the proposed will not involve the American Society 
Civil Engineers any additional expense, unless the Society sees fit contribute 
the traveling expenses the members its Research Committee. expected, 
however, that the American Society Civil Engineers will aid con- 
tributions from the industries through its influential members, some which should 
appointed the Advisory Committee for that purpose. 
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“The staff the Engineering Division follows: Henry Howe, 


Honorary Chairman; Comfort Adams, Chairman; Galen Clevenger, Vice- 
Chairman; Wm. Spraragen, Secretary. 


“Early action this invitation will greatly appreciated. 


National Advisory Board Highway Research 


Recognizing the need for highway research order that the huge road-building 
programme may put sound, engineering basis, the Division 
Engineering the National Research Council some months ago undertook 
organize National Highway Research programme. this work the Division 
Engineering was aided and encouraged the Bureau Public Roads. 
Little progress had been made, however, when became evident that would 
necessary establish Advisory Board the work which would plan, 
initiate, and co-ordinate comprehensive programme highway research before 
the work could inaugurated National scale. 

Accordingly, conference representatives the following associations, 
societies, and agencies was arranged and held November 11th, 1920, the 
Engineering Societies Building, New York City: Division Engineering, 
National Research Council; Bureau Public Roads; American Association 
State Highway Officials; American Society Civil Engineers; American 
Institute Consulting Engineers; American Society Mechanical Engineers; 
American Society for Testing Materials; American Assogiation State 
American Concrete Institute; Western Society Engineers; National Automobile 
Chamber Commerce; and the American Automobile Association. The following 
universities and colleges were also represented: Harvard University; University 
Iowa State College; Maryland College; University Michigan; and Yale 
University. 

The meeting was called order Professor Adams, Chairman the 
Division Engineering the National Research Council, and Dean Anson 
Marston, Am. E., Iowa State College, was selected act Tempo- 
rary Chairman. Conference Committees (1) Organization and By-Laws, 
(2) Membership and Officers General Advisory Board, (3) Research and Research 


Committees, were appointed, with instructions report the Conference the 
afternoon session. 


RESEARCH. 


Thomas MacDonald, Chief the Bureau Public Roads, addressed 
the conference the subject “Need for Highway Research.” presented figures 
covering the very rapid increase the numbers motor vehicles using the high- 
ways, and the consequent enlarged demand for highway service. The commercial 
vehicle has introduced new problems design and made necessary the securing 
reliable data order expend economically the hundreds millions dollars 
available for highway construction. 

Mr. MacDonald was followed Professor Adams, who discussed the “Need for 
National Highway Research Programme.” emphasized the importance 
co-operation and co-ordination research work and stated that the purpose the 
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Research Council was bring science and methods bear the 
solution the practical problems to-day. 

Dean Marston then explained the “Plan for Organization Highway Research 
Committees.” stated that the committees would fall into two classes: First, 
those devoted single definite research, and, second, those taking group 
closely allied studies; the work general would handled committees the 
first his opinion, large number committees will required. 
emphasized the necessity for having men the highest attainment 
conduct the research work. 


PLEDGED. 


general discussion was participated all representatives the Conference, 
covering lines research work taken up, organization Advisory Board, 
and methods financing the work. Much interest was manifested the movement 
and promises support and co-operation were given all the organizations 
was agreed all that the importance highway research requires 
that handled eminent investigators and that the Chairmen the various 
Research Committees actually engaged the work part their regular 
official duties. 

the afternoon session, the Special Conference Committees reported, By-Laws 
were adopted, and Dean Marston was elected permanent Chairman the Advisory 
Board, the full title which “National Advisory Board Highway Research, 
National Research Council, Division Engineering.” 

The By-Laws provide for the appointment salaried Director, who shall 
professional engineer and devote his full time the work the Board. Alfred 
Am. Soe. E., Vice-Chairman the Division Engineering, was 

selected act interim Director, pending completion the organization. 


FoR MEMBERSHIP. 


Membership the Board will open those organizations National 
interested design, construction, maintenance, economics, and finan- 
cing highways, materials and equipment therefor, and vehicles used high- 
ways, governmental departments and bureaus similar interests, and the higher 
institutions, Each member organization will entitled one repre- 
sentative and one alternate. Upon acceptance the By-Laws and appointment 
their representatives, the organizations eligible members the Board. 
hoped accomplish this short time and have the Board actively work 
under salaried Director the near future. 

Research committees “Economic Theory Highway 
Improvement”, “Structural Design Roads”, and “Character and Use 
Road Materials” were provided for the By-Laws. Additional committees will 
organized the work progresses. The Annual Meeting held the 
second Thursday November place designated the Chairman. 

The organization this Board, having for its purpose “to assist outlining 
comprehensive National programme highway research and co-ordinating 
activities thereunder; organize committees for specific problems; deal with 
ways and means; and act general advisory capacity”, represents great 
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step forward highway research work. The work agencies present engaged 
highway research will co-ordinated, and other agencies will induced 
take specific lines highway research. Results investigations will made 
available, and the overlapping and duplication incident unco-ordinated effort 
will avoided. 


Information Bureau National Research Council 


“Research Information Service” has been established National Research 
Council general clearing house and informational bureau for and 
industrial research. Information regard research problems, progress given 
fields, laboratories and equipment, research methods, publications, personnel funds, 
ete., will supplied request. 

Ordinarily, inquiries will answered without charge. this impossible 
because unusual difficulty information, the inquirer notified and 
supplied with estimate cost. Requests for information should addressed 
the Research Information Service, National Research Council, 1701 Massachusetts 


Ave., Washington, 


National Council State Boards Engineering Examiners 


meeting held Chicago, November 1920, representatives 
the Boards Engineering Examiners seven States, the eleven now 
ing engineering registration laws, formed permanent organization called the 
“National Council State Boards Engineering”. This meeting was called 
the Iowa Board with the object considering the possibilities standardization 
examinations and agreeing reciprocal arrangements for registration. was 
attended representatives from the following seven State Boards: Colorado, 
Florida, Iowa, Louisiana, Michigan, and South Dakota. 

The permanent organization consist one representative from each State 
which has engineering registration law. Since there Board 
Engineering Examiners, the Illinois representatives the Committee which 
serves under the Department Registration and Education this and 
which appointed annually for one year only, felt that they were not eligible for 
office, their terms are about expire. The idea uniform registration law 
was well received, and the following resolution, introduced Condron, 
Am. Soe. E., Chairman Engineering Council’s Committee Licensing 
Engineers, was duly seconded and 

“Resolved: That the sense this Council that the submission the evi- 
dence qualifications the applicant for the practice professional engineering 
should considered the essential part the examinations, and that 
registration certificates should granted applicant who has submitted 
satisfactory evidence the Examining Board his own State”. 

The purpose the new National Council stated follows: “to examine tlic 
State laws providing for registration engineers, and the customs and rule 
procedure the different Boards the examination applicants, and make 
suggestions and recommendations for uniformity practice far this 
done legally the different State Boards, and provide for reciprocal 
between the State Boards for granting registration licenses applicants from 
States equal terms examination”. 
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EUROPEAN NOTES 


The following notes relative reconstruction, etc., Belgium and France, 
and industrial progress, etc., Great Britain and elsewhere, have been contributed 
Corresponding Member the Société Centrale d’Architecture Belgique. 


Plans for New Main Roads London 


Four projects for the new main roads Northeastern Sector London are 
announced follows: (1) East Ham and Barking By-pass, connect Beck- 
ton Road, West Ham, with the London housing site Dagenham, and add facilities 
for traffic between London and Tilsbury; (2) Eastern Avenue, connect Hackney 
with Romford; (3) the north circular route passing from Edmonton across the Lea 
Marshes; (4) the new Cambridge Road. 

These proposals for new roads are the result investigations promoted Sir 
Geddes and out the Transport Ministry the Arterial Road 
Conferences, Negotiations are progress for other sectors London and with 
the local authorities for similar schemes the country districts. planned 
extend these road building operations for the purpose relieving much the 
existing unemployment, well bring into profitable development large areas 
now badly served. this way, the excess valuation the districts through which 
the roads pass will increased, resulting larger tax contribution local 
authorities. 


the obtained the Transport Ministry from the petrol taxes, 


has been agreed that 250 000 will spent road development, the remainder 
going road maintenance. The Transport Ministry prepared anticipate four 
years the expenditure such development funds. This will amount 
000, and that the London County Council and the local 
authorities will contribute equal amount. 


London Guild Builders Obtains New Contract 


The London Guild Builders has another for the construction 
houses. This contract the undertaking the London Guild and 
involves the construction 200 houses for the Greenwich Borough Council. Local 
authorities all over the country are watching this new development, the first 
contract having been made for 400 houses the Walthamstow District. 

The Guild system long step advance the mere employment direct 
labor. The work taken the same terms and under the same conditions 
the ease any other contractor, but the whole organization the building 
industry transferred the control the workers themselves, not merely the 
and but the architects, surveyors, and clerks. 

The contract based the net cost labor and materials, with the addition 
for each house enable the Guild guarantee continuous payment its 
workers all contingencies, and addition the estimated cost provide 
for plant, head office administration, and, necessary, interest hired capital. 
The watchword the Guild “organized The surplus earnings 
are under circumstances distributed dividends, but will always used 
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for the improvement service providing for increased equipment, for reserve, 
for technical training and research, and for the elimination outside capital. 


Model Houses for Liverpool 


contract for the construction 000 houses completed within two years 
has been entered into the Housing Committee Liverpool, and expected 
have the first 100 houses ready for occupation the end 1920. Various types 
houses, designed Badger, Housing Director Liverpool, are being con- 
structed. Concrete slabs for the internal walls were originally hand-made 
aluminum moulds, but these have now been superseded Winget pressure 
machines because the latter were found more suitable for economical 
construction with unskilled labor. 

the workmen engaged, 85% are ex-service men who are employed directly 
from the discharged soldiers’ organizations. These men are trained the work, 
and have proved very adaptable and keen learn. Sleeping accommodations 
are provided Army huts for 400 the men, while for the remainder there 
system free travel and from the work fleet former Army lorries and 
motor buses. 

Ex-Service Men Taught Building Trades 


To-day, nearly two years after the Armistice was signed, there are about 
200 000 ex-service men, mostly young and unskilled, out work. The British 
Government believes that the only reasonable way out this situation teach 
the men trade which they can service the community, and the 
same time maintain themselves decent standard living. The Government, 
therefore, has made the following proposal: 

Certain housing schemes will selected, especially those held for lack 
labor, and set aside projects carried through ex-service men, who will 
trained the various trades the work progresses, receiving rates pay based 
rates the district, and rising full rates the men qualify their work. 

The building trade unions are asked encourage this work undertaking the 
duty training ex-service men. expected that least 50000 men will 
trained the various skilled trades connected with the building houses, these 
men apportioned the trades accordance with the demand. view 
the unprecedented need for houses, expected that there will large demand 
for trained workers this type during many years come, 


BRIEF NOTES 


recently compiled concerning the part played pigeons Nava! 
Aviation show that during the last months the World War, Naval 
pigeons delivered 219 messages from seaplanes forced land sea. These 
were without any other means communication. 

According official estimates the production petroleum Mexico for 
will amount 140 000 000 barrels, one-fifth the world’s total. 
with production 000 000 barrels 1919 and more than twice much 
was taken from these fields 1918 and 1917. 


iron production has decreased from pre-war figure 
tons 6000000 tons; textile mills are operating one-third their looms; 
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unemployed number 600 000, and 000 brain workers are occupied only two 
three days week. Allgemeine Zeitung announces that the uncovered deficit 
the German budget marks, 41000000000 marks due 
expenses imposed under the Peace Treaty. 


The growth world debts and paper currency has not been checked the 
return peace. The additions world National debts, which averaged $40 000 
000 000 per annum during the war; were $44 000 000 000 the first year following 
the Armistice and $42 000 000 000 for the year just ended. The additions world 
paper currency, which averaged per annum during the war, were 
$12 000 000 000 the first peace year and $25 000 000 000 for the year just ended. 


For the year ending June 30th, 1920, immigrant aliens and 199 575 
non-immigrant aliens arrived. During the same period, 288135 emigrant aliens 
and non-emigrant aliens departed. Those who left the country number 
approximately two-thirds those who arrived. Many count the three who came 
in, whether women and children, young men old; few consider the two who left 
the country that those two were thrifty workers American experience. Dur- 
ing the months July and August, for every two immigrants who came in, one 
went out. the present time, the trend distribution for those landing Ellis 
Island approximately 55% West, 15% New England, 30% New York City 
and vicinity. 


During the year ending June 30th, 1920, the ordinary expenses for opera- 
tion and maintenance the Panama Canal amounted 548 270, compared with 
112 194 1919, 920 342 1918, and 788 047 1917. Offsetting the total 
expenses for operation and maintenance are the amounts earned for tolls, licenses, 
and taxes, Court fees, and fines, total 935 871, that the revenues earned 
excess current expenses were 387 599 1919-20. 

The Bureau Railway announces that the net operating income for 
September, 1920, Class railroads fell approximately $29 348 000, 26.9%, 
short the amount expected under the increased rates. This based reports 
from 207 railroads that class having total mileage 237899 miles. All 
records for the quantity freight handled the railroads the United States 
single month were broken August, following the record-breaking perform- 
ance July. The net ton-miles August totaled 706 835 000, which represents 
345 000 000 over August, 1919. 


The Interstate Commerce Commission has approved loan 840 000 the 
Erie Railroad Company aid reconstructing freight-train equipment, mak- 
ing improvements existing equipment and making additions and betterments 
its roadway and structures estimated cost The Company 
required finance about meet the loan the Government. The 
Commission November 26th, 1920, rendered decision the Illinois intrastate 
rate case which affirms its recent action ordering that intrastate passenger and 
intrastate rates milk should increased conform the higher interstate 
overruled the Public Utilities Commission and ordered carriers 
inerease passenger fares within the State 20% bring them the level 
the interstate rates, and establish surcharge 50% Pullman traffic. This 
and similar cases are being carried the Federal Courts. 
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ACTIVITIES LOCAL SECTIONS* 
St. Louis Section Federation—Committee Reports Compensation 


Considerable interest being shown the members the St. Louis Section, 
which has been having average attendance 25.members its meetings, 
matters pertaining National affairs. The Associated Engineering Societies 
St. Louis, which functions through Joint Council composed two representa- 
tives from each the seven Local Engineering Societies, including the Engineers’ 
Club St. Louis, had under consideration the advisability applying for mem- 
bership the Federated American Engineering Societies, which, under the Con- 
stitution, required ratification each the component Societies. The St. Louis 
Section ordered letter-ballot taken, which resulted follows: “Ayes”, 42; 
“noes”, meeting held October 25th, 1920, with members 
present, motion was carried the sense the meeting that the American 
Society Civil Engineers join the Federated American Engineering Societies 
Charter Member.” 

The Section appointed committee composed the following members: 
Garrett, analyze the report the Committee Engineering Council 
Classification and Compensation Engineers. The report, made the meeting 
September 27th, 1920, was approved the Section, follows: 


“To THE MEMBERS THE St. 
AMERICAN Society ENGINEERS: 


“Your Committee appointed advise this Section the action taken 
upon the Report Engineering Council’s Committee Classification and Com- 
pensation Engineers, submits the following 

the principles and practices for the establishment 
equitable conditions employment approved. These are set forth the para- 
graphs numbered inclusive, page the printed report.+ 


the grades proposed, five for the Professional Service and three for 
the Sub-Professional Service, and the duties and qualifications for each, 
approved. These are set forth pages inclusive, the printed report.+ 


“3.—That the Schedule Salaries suggested for page 
modified shown the table herewith: 


SCHEDULE SALARIES SUGGESTED COMMITTEE. 


YEARS EXPERIENCE REQUIRED 
QUALIFY. SALARY RANGE. 


Grade. 


With Professional Without Profes- 
Degree. sional Degree. Minimum. Maximum. 


—Junior Aid 


6—Senior Aid 520 240 
5—Junior Assistant Engineer... 800 700 
4—Assistant Engineer 000 200 


For list Local Sections, Officers, Meetings, see 942. 
Proceedings, Am. Soc. E., January, 1920, 42. 
Loc. cit., 57. 
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“These recommendations are based primarily upon the salaries being actually 
paid the present time, and partially upon the principles referred the first 
recommendation, fixing the minimum salary Chief Engineer the 
Committee had mind the Chief Engineer large railway system industrial 
where the engineer was charged with vital responsibility well 
important technical duties. The Chief Engineer smaller organization would 
ordinarily fall within Class duties such position also differ widely 
that the Committee considered wise leave the upper limit indefinite, pro- 
posed the original report. comparison this schedule with various other 
schedules shown the accompanying blue print.* 


“Respectfully submitted, 


Chairman, 
Horner, 
Wonson, 
Fay, 

Garrett.” 


New 


the Annual Meeting the St. Louis held November 22d, 1920, 
the following new officers were elected: 
William Mitchell, President; Fay and Dawley, Vice-Presidents 
Crecelius, Secretary-Treasurer. 
Messrs. Burton and Horner were elected represent the Section 
the Joint Council the Associated Engineering Societies St. Louis. 


Texas Section Elects New Officers 


the fall meeting the Texas Section, held Austin, Tex., October 20th 
and 21st, 1920, the following officers were elected: 

Brillhart, President; Giesecke, 1st Vice-President; MeVea, 
Vice-President; and Noyes, Secretary-Treasurer. 

The following papers were presented and 

“Standard Form Contract with Arbitration Clause”, John Hawley, 
Consulting Engineer, Fort Worth, Tex. 

“Conerete Construction”, Wickline, Bridge Engineer, State Highway 
Department, Austin, Tex. 

“Proportioning Concrete Surface Area Method”, Edwards. 

“Work Civil Engineer with Local Improvement Association”, 
Sheridan, Engineer, Dallas Property Owners Association, Dallas, Tex. 

“Contributing Factors the Increasing Cost Road 
Webb, State Highway Department, Austin, Tex. 

“Progress Report, City Dallas and Dallas County Levee Improvement District 
No. 10”, Noyes, District Engineer, Dallas and Dallas Levee District. 

“Probable Flood Discharge Square Mile Area near Paris, Tex.”, 
John Hawley, Consulting Engineer, Fort Worth, Tex. 

Marshall, General Manager, Associated General Contractors America, 
discussed “The Relation Between the Engineer and Contractor”. 


This not here reproduced. 
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“Mosquito Extermination”, Ehlers, and Mr. Parks, the State High- 
way Department. 


“Manufacture Pipe and Clay Products Used Sewer Construction”, 
Erwin, Sewer Engineer, San Antonio, Tex. 


standing committee was appointed work out details standard form 


contract, with arbitration clause, and submit the same the members for approval 
letter-ballot. 


The Committee Re-Districting the American Society Civil Engineers 
reported favor the present District No. and against any change, follows: 


“Your Committee begs report that considers that the best interests the 
Texas Section the American Society Civil Engineers will served 
continuation the present ‘District No. place the proposed change 
recommended the National Re-districting Committee.” 


committee was appointed work Engineers’ License Law pre- 
sented the State Legislature. 


committee was appointed bring resolution the Water Power Bill 


now before Congress. copy this resolution approved the meeting 
follows: 


“Whereas, there pending the House Representatives the United 
States Congress bill, known 12466 the Smith Bill, which permits 
the granting irrigation rights within the boundaries Yellowstone Park; and 

“Whereas, the intrusion irrigation works would cause irreparable damage 
the Park and would defeat the purpose for which was reserved, namely, the 
preservation extraordinary natural scenery intact for the use this and 
future generations great center recreation; and 

“Whereas, the Federal Water Power Act, which passed Congress during the 
last session, gives the right use the National Parks for water power develop- 
would also defeat the purpose for which they were reserved; there- 
ore, 

“Resolved, that the Texas Section the American Society Civil 
urges the defeat the Smith Bill (H. 466); and further 

“Resolved, that the Texas Section the American Society Civil Engineers 
urges the passing amendment the Federal Water Power Act, exempting 
the National Parks from use for water power purposes; and further 

“Resolved, that copy this resolution forwarded the Senators and the 
Representatives Congress from the State Texas, the Parent Society and 
the Local Sections the American Society Civil Engineers, the American 
Association, the press the State, and other parties who will aid 
the accomplishment the purpose this resolution.” 


The Committee Jurisdictional Awards reported follows: 


“Whereas, the attention the Texas Section the American Society 
Engineers has been called the fact that member the Engineering 
has signed the Constitution the National Board Jurisdictional Awards, an: 
that he, though signing said Constitution representative the 
Council, member the American Society Civil Engineers, there 
possibility misunderstanding the connection the American 
Civil Engineers with the said National Board, the responsibility 
members under any action said Board; 

“Be Resolved, that the Texas Section the American Society 
Engineers instruct its Secretary bring this matter the attention the 
Direction, with the request that the said Board Direction take all 
necessary clearly define the status the American Society Civil 
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and its individual members regards the National Board for Jurisdictional 
Awards the Building Industry. 

“F. 

SHERIDAN, 

Gro. 


Southern California Section Discusses Changes Its Constitution 


the meeting the Southern California Section November 10th, 1920, 
order President Barnard, Walter Jessup acting Secretary, and 
present, also, twenty-three members and four guests, Dennis, Chair- 
man the Committee Revision the Constitution and By-Laws, presented 
written progress report, and number the features the report, were 
discussed, particularly the following: 


proposed Amendment Article the Constitution, the dis- 
cussion being directed toward further amendment Article whereby 
should changed that the Constitution may amended two-thirds vote 
all members voting, instead two-thirds vote all the members the 
Section. was further the discussion that letter-ballot any 
amendment the Constitution By-Laws should not canvassed until 
least thirty days after the date when such letter-ballot was forwarded the 
members. 

Committee’s recommendation that ballots from members who are 
not good standing rejected, was and developed that the By-Laws 
did not define the term “good and the suggestion was offered that the 
By-Laws should provide that member should considered good stand- 
ing who delinquent the payment his dues and that dues should become 
delinquent unpaid July 1st. 


The Committee then stated that would put into proper form the amendments 
proposed its report, incorporating therein the recommendations the meeting, 
and proceed with the formalities submitting the proposed amendments accord- 
ance with the present provisions the Constitution and By-Laws. 

letter from Mr. Snyder, Secretary the San Engineering 
Council, the proposed bill California engineers was read, was 
preliminary report from the Joint Committee the Question Licensing 
Engineers and Architects. Mr. Trask, Chairman Local Committee, 
expects present report the next meeting. 

Mr. Jubb spoke exhaustively the subject ship building, presenting 
paper entitled “The Great War Problem the Shipyard Plants the United 
States, and How Was and showing many wall charts and diagrams. 
was participated large number those present. 


Thirty-First Regular Meeting the Nebraska Section 


Following dinner the Wellington Inn, the thirty-first regular meeting the 
Nebraska Section was held the City Hall, Omaha, Nebr., October 9th, 1920, 
President Clark Mickey the chair, Homer Knouse, Secretary, and present, 
Brown, Cotton, Provaznik, Bates, Findley, Prince and Darrow; also 
guests, Messrs. Van Brunt and Bing. 

The President called attention announcement Secretary 
Crocker the Parent Society, regard the nomination Frank 
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Darrow this Section, Director represent District No. 10. communica- 
tion from Mr. John Means, Secretary the Colorado Section, was read, request- 
ing consideration the name Robert Campbell Gemmell the Utah Section 
represent District No. the Nominating Committee. was moved, seconded, 
and that Mr. Gemmell endorsed, and that the Secretary communicate 
with the members this Section requesting their support. 

Messrs. Bates and Provaznik were appointed Tellers canvass the ballots 
regard the proposed change name “The Nebraska Section the American 


Society Civil Engineers”, ordered the thirtieth regular meeting. The 
report the Tellers follows: 


Ballots improperly 


The President declared Section Article the Constitution amended 
read follows: 


“The name this Association shall The Nebraska Section the American 
Society Civil Engineers”. 


The Secretary read communication from the Acting Secretary the Parent 
Society, regard uniform emblem for the use all Sections. The action 
the Publication Committee the Board Direction was endorsed, and the Secre- 
tary the Section was instructed communicate with the Acting Secretary 


regard the following suggestions for the out the plan for uniform 
emblem: 


“That the Acting Secretary the Parent Society have prepared design 
outlined, and that embossing dies cuts desired prepared through the office 
the Acting Secretary and furnished the various Sections cost, order that 
absolute uniformity size and proportions assured. 


“That inasmuch the wording placed the circle about the shield 
will less than the wording now use designating the Sections, may 
desirable order obtain balanced design more nearly filling the without 
the use unsightly extended lettering add the word “organized” applying 
the date organization the Local Section. For example, the wording the 
for this Section would read “Nebraska Section, Organized 


The Secretary read communication from the Acting the Parent 
Society, under date August 11th, 1920, regard sections Proceedings 
entitled “Society Affairs”, and “Activities Local Sections”. This matter was 
discussed some length the members present, and was the sense the 
meeting that this was desirable addition Proceedings, and that the action 
the Publication Committee endorsed. 

The Secretary was instructed communicate with the Iowa Section regard 
Joint Meeting about the first Saturday December. The President requested 
Mr. Frank Darrow prepare paper for this meeting describing the work which 
being done under his direction for the Chicago, Burlington and Quincy Railroad 
stabilizing stream boundaries the Missouri River. 
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Duluth Section Discusses Licensing Bill 


The proposed bill for Licensing Engineers and Architects the State 
Minnesota was discussed informally meeting the Duluth Section held 
November 15th, 1920; Vice-President Pickles the chair, seventeen members 
and one guest present. the conclusion the general discussion, Secretary 
Walter Zimmermann was instructed notify the Section’s Standing Com- 
mittee Licensing call meeting for the study the proposed bill, and bring 
report with recommendations the December meeting the Section. 

Letters from Messrs. Turner, Chief Engineer the Columbia Basin 
Survey Commission, transmitting copy the Commission’s report, and 
Leighton, National Service Representative Engineering Council, relative 
legislation for the establishment Federal Department Public Works, were 
read. motion, duly seconded and the latter subject was laid over until 
the Secretary could with Mr. Leighton and ascertain whether 
considers desirable support this movement during the coming short session 
Congress. 

After the reading letter from Edmund Mitchell, Assistant Secretary 
Engineering Council, reference action the proposed compensation 
engineers submitted Council’s Committee Classification and Compensation 
Engineers, the Secretary was instructed request the Section’s Committee, 
consisting Messrs. Kelly, Coe, and Woodbridge, submit its report quickly 
possible. 

letter opposition the Parent Society joining the Federated American 
Engineering Societies was read. This letter had been sent committee 
appointed meeting members the Society Kansas City, and sent 
certain members Districts No. and No. 10, seeking support for opposition 
ticket the plea that St. Louis was apparently receiving more than her share 
recognition. Mr. Woodbury pointed out that was unfortunate 
thus introduce sectionalism into the affairs the Society. 


New York Section Considers Urban Passenger Transportation 


November 17th, 1920, the New York Section considered the second topic 
its programme discussions bearing the engineering development the 
Metropolitan District, namely, “Urban and Suburban Passenger Transportation.” 
This subject was introduced Henry Brinckerhoff, Parsons, Klapp, 
and Douglas, Consulting Engineers, and discussed Turner, 
Chief Engineer, Transit Commission; Vipond Davies, Jacobs and Davies, 
Consulting Engineers; George McAneny, formerly President the Board 
Aldermen New York City; Frank Hedley, President and General Manager, 
Interborough Rapid Transit Company; Frank Sprague, Past-President, Ameri- 
can Institute Electrical Engineers; Col. Molitor behalf Lewis 
Stillwell, Consulting Engineer; Delos Wilcox, Public Utilities Expert; 
Willeox, Vice-President, Bonbright and Company; Parsons, General Man- 
ager, Erie Railroad; Woodward, General Passenger Agent, Long Island 


Railroad; and George Harwood, Assistant the President, New York Central 
Railroad. 
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Mr. Brinckerhoff approached the problem involves the entire Metropolitan 
District, rather than merely the needs New York City, the political unit now 
constituted. included his Metropolitan District all that area lying within 
circle centered 34th Street and Fifth Avenue and having radius approxi- 
mately miles. Among the important communities included this area, but 
eutside the City New York, are Yonkers, New Rochelle, Paterson, Newark, and 
presented tentative plan based the rational development 
this area, regardless political lines, illustrating his discussion many charts, 
maps, and statistical graphs. urged solution the immediate transit 
problem the use many types transportation meet varied traffic requirements, 


and closer articulation these elements into unified and efficient transportation 
machine. 


TRANSIT CoMMISSION PLAN. 


Mr. Turner pointed out that, while Mr. Brinckerhoff had presented desirable 
solution the transit problem from the Metropolitan District viewpoint, there 
was Metropolitan District authority carry out such project and that the 
immediate needs New York City demanded relief that could rendered through 
existing agencies. then the “Comprehensive Rapid Transit Plan” 
recently reported the Transit Commission, and explained the principles that 
determined its design and should animate its construction and operation. Mr. 
Turner approved the present plan municipal ownership and control with private 
operation, and decried any tendency either revert private ownership 
undertake this time complete municipal operation. advocated financing 
that would lay the burden construction cost the community large while 
the passengers individuals should pay the equipment cost and operating expense. 

Mr. Davies first considered the problems the railroads now serving the 
New Jersey Section the Metropolitan District, and pointed out the necessity 
rapid transit lines those roads and divert the suburban traffic. 
Passing the city proper, objected the “Comprehensive Plan” the Transit 
Commission the ground that tended perpetuate the concentration 
that now complicates the New York transit problem. felt that the development 
community centers through the various boroughs the city would tend 
decentralization business with resultant check the “riding habit”. 

Mr. McAneny endorsed Mr. attitude toward the problem, and 
urged the creation Joint Commission representative the communities 
interested its solution. advocated the policy decentralization touched 
upon Mr. Davies and indicated the steps that had already been taken toward 
that end. referred also the necessity forwarding, meanwhile, the plan: 
now hand meet immediate needs. 


NEEDED. 


Mr. Hedley expressed the view that Mr. Brinckerhoff’s plan represented 
ideal rather than practical and feasible solution existing 
pointed out that the transit facilities New York are still far behind its 
and that unless the enterprise can made sufficiently attractive private 
there slim chance their catching up. urged more reasonable spirit 
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co-operation between public officials and the operating companies the end that 
badly needed facilities may provided without further wasteful delay. 

Mr. Sprague was accord with Mr. Brinckerhoff’s general point view, but 
insisted that successful, the execution the plan must accordance 
with the lessons taught the mistakes heretofore made the provision rapid 
transit facilities. advocated two-level gridiron plan, and motor every 
car and every axle order attain the highest schedule speeds with the lowest 
maximum speed. also urged more satisfactory operation regards the make-up 
and scheduling trains meet varying traffic demands. Mr. Sprague closed 
with admonition that transportation, whomever supplied, costs money and 
governed the same economic laws that obtain the sale other commodities. 
urged that political and financial animosities overcome the interest 
convenience and safety. 

Mr. Stillwell presented the possibilities the moving platform factor the 
solution the city’s transit problems, and described this system propulsion 
has been proposed the Transit Commission. 


OWNERSHIP AND OPERATION. 

Mr. Delos Wilcox presented the case for public ownership and operation 
transit facilities, basing the following considerations: First, that local transit 
service public function, and should approached from the angle public 
need rather than that private profit; second, regulation, which now 
generally accepted and permanent feature such service, more difficult 
function than the efficient operation the transit lines through direct public 
third, this regulation and the service-at-cost plan operation the 
cut out the motive upon which said depend the success private 
operation, and control actually effected indirect and circuitous 
methods; fourth, the vital importance the community continuity trans- 
portation facilities demands that they removed from all danger interruption 
due warfare between private operations and their employees other 
business interests. 

Mr. Willcox took exactly the opposite stand and advocated private owner- 
ship and operation nearly possible under one control and direction. 
contended that public ownership and operation are not desirable the public 
interest, and, measured and financial standards, have not been suc- 
cessful. The field politics declared mainly the regulation conduct 
and the protection rights, while that economics the production and 
utilization material things. Political principles applied problems 
invariably resulted failure. Mr. Willcox then pointed out tlie economic 
requirements New York’s problem and urged that these met squarely. 
questioned the wisdom the great artificial concentration made possible and 
public utility service, and pointed out the perils which gives rise. 
developed this theme length and financier urged upon engineers study 
the relative advantages and disadvantages such concentration. 

Mr. Parsons voiced the sentiment the New Jersey steam railroads, and 
cudorsed the Metropolitan District viewpoint assumed Mr. Brinckerhoff. 
pointed out that the suburban the railroads taxed the facilities the 
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railroads, and was carried loss. suggested large union terminal the 
Hackensack Meadows for most the railroads terminating the New Jersey 


side the Hudson River, together with moving platform tunnel under the 


Palisades and the River, connecting with the Interborough and Brooklyn Rapid 
Transit Subways. 

Mr. Woodward discussed the problem that confronts the Long Island Railroad 
entering New York from the east. pointed out the congestion due the 
great suburban traffic that originates Queens County, and advocated new rapid 
transit lines into that Borough that the facilities the Long Island Railroad 
may released serve the remainder Long Island and build Nassau and 
Suffolk Counties. 

Mr. Harwood reviewed briefly the growth the New York Central Railroad, 
and pointed out how the growth the city northward and the resulting suburban 
traffic had influenced the design the Grand Central Terminal and the type 
motive power used connection with it. explained how the high terminal 
charges the suburban service made losing proposition, and how the morning 
and evening peak loads add further contribution the wrong side the ledger. 
Mr. Harwood declared, however, that this not the most serious aspect the 
difficulty, which found rather the interference offered the suburban traffic 
the exercise the proper railroad function, that is, providing long haul trans- 
portation for New York City. touched upon solution similar that offered 
Mr. Davies for New Jersey; that transfer stations introduced outlying 
points where the rapid transit lines may intercept and tap the suburban railroad 


trains. also advocated rapid transit extensions reach Yonkers, Mount 
Vernon and New Rochelle, with possible ultimate extensions Port Chester, 
White Plains and Ossining Croton. 

the business meeting, the President was directed appoint committee 
consider and report the Section the question removing reconstructing 


“High Bridge” over the Harlem River, New York City. The total attendance 
was 307 members and guests. 
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ENGINEERING SOCIETIES SERVICE BUREAU 


Engineering Societies Service Bureau, established December 1st, 1918, 
activity Engineering Council, managed board made the 
Secretaries the four Founder Societies, funds for its maintenance being pro- 
vided these Societies. The co-operating with engineering organiza- 
tions all parts the country. desirous increasing such co-operation 
working with local engineering associations and clubs. Members the American 
Society Civil Engineers who desire register with this Bureau should apply 
for further information, registration forms, Walter Brown, Manager, 
Engineering Societies Service Bureau, First Floor, Engineering Societies Building, 
West 39th Street, New York City. order included the list published 
Proceedings, copy must received before the first Wednesday each 
month. All communications should addressed Mr. Brown. 


EMPLOYMENT BULLETIN 


POSITION AVAILABLE 


ENGINEER for associate editorship have writing ability. Application letter 
ing publication. Must familiar with only. Location, New York City. 
structural and mechanical equipment and 


MEN AVAILABLE 


CIVIL ENGINEER, graduate Rensselaer Poly- necessary. Desirous connecting with 
technic Institute. Junior Am. Soc. reliable company. 
and Am. for Testing Materials. 
Married. Experienced design, ENGINEER AND CONSTRUCTOR, age 44. 
tion and estimating reinforced concrete Twenty-four years’ experience engineer, 
structures all types. Prefers industrial superintendent and executive the United 
buildings and foundations. Desires position States, Alaska, Canal Zone and Peru. 
New York City with contractor con- Principally charge city improvements, 
sulting engineer. river and harbor improvements, -dredging, 
hydro-electric construction, irrigation, ship- 
GRADUATE CIVIL ENGINEER, age 39. building, dams, buildings, 
office and field experience Spanish. Am. Soc. 
mainly railroad, highways, and hydro- 
electric development GRADUATE ENGINEER, age 46. Structural 
Capable executive and handler men. experience with fabricating companies and 
Assoc. Am. Soc. Colonel Engi- engineers. Lately charge 
neers, Desires Eastern connection squads, supervising design and drawings 
with engineering, contracting manufac- for industrial structures various kinds, 
turing concern. Fluent Spanish. letting contracts, also correspondence. Simi- 
lar position desired, one sales engineer 
ENGINEER experienced operation, age 36; with manufacturing company. 
ment and operation quarries and lime- EXECUTIVE ENGINEER, eight years charge 
properties. organize, build and construction and maintenance streets, 
operate; fourteen yeays’ experience. Fa- roads, footways, large city the 
miliar with operating cost, use explosives size Newark, and San Francisco, 
and steam-shovel work. Assoc. Am. Soc. Cal. Ten years railroad construction and 
Will accept permanent position maintenance bridges, tunnels, buildings, 
act consulting capacity. References fur- etc. present employed. 


nished. 
ENGINEER SUPERINTENDENT, graduate 
CIVIL ENGINEER, Assoc. Am. Soc. E., 1899. Am. Soc. Excellent 
age 36; technical graduate. Twelve years’ experience railroad location, construc- 
experience construction and tion, maintenance, electrification and valua- 
maintenance; broad experience heavy tion; design and construction reinforced 
construction executive. Position wanted concrete bridges and reservoirs; river pro- 
field designing engineer. Location, tection, buildings, docks 
any part this country, Central South Good executive and organizer. Prefers re- 
knowledge Spanish. sponsible position with railroad, consulting 
Good references. engineer contractor. Familiar with New 
England, Atlantic, Central, and Southern 
CIVIL ENGINEER, age 40. Twelve years States. 
design and construction dams, hydro-elec- 
tric and other hydraulic structures; two CIVIL ENGINEER AND SURVEYOR. Four 


years concrete ship construction. Graduate 
University Wisconsin, 1906; de- 
gree 1910. held responsible positions 
with large firms where executive ability was 


years land surveying the Adirondack 
Mountains, New York; three years surveys 
canals and reclamation work. Thirteen 
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CIVIL ENGINEER, college training. 


CONSTRUCTION ENGINEER. 


years New York City. Design and con- 
struction sewers connection with sub- 
way construction, Four years private prac- 
tice. References. Salary commensurate 
with responsibility. 


ENGINEERING EXECUTIVE, Am. Soc. 


E., desires make new connections. Age 
44, married. Twenty years’ experience, 
general engineering, including electric rail- 
way construction, maintenance, operations, 
valuations, reports, also mechanical and 
electrical experience; good organizer. A-1 
record for handling men, 
mechanics and laborers large numbers. 
Business experience along lines economy. 
Any location. references. 


CIVIL ENGINEER, age 33, married. Ten years’ 


experience structural and mechanical 
lines, including design and equipment, 
structural steel and sheet metal work for 
mill buildings, towers, trestles, breechings, 
etc. Also has had considerable experience 
developing warped surfaces and 
skewed connections, well 
estimating, inspecting and field superin- 
tendence work. Assoc. Am. Soc. 


New York City and vicinity preferred. 


WORKS PRODUCTION MANAGER, Mechan- 


ical Engineer. Fifteen years’ experience 
design, reports, and valuations public 
utilities, ete. Shipyard and manufacturing 
plant operation and production, including 
organization and design specifications, and 
requisition, purchasing, inspection, expedit- 
ing materials, and production, schedul- 
ing and planning work, cost analysis, 


CIVIL ENGINEER, graduate. Twenty years’ 


broad practical experience water-works, 
hydraulic utilities, and general municipal 
engineering with engineers and contractors, 
consulting engineers, utility companies and 
commissions. Investigations, reports, de- 
sign, construction, appraisals. Details 
ences. Any proposition considered, either 
salary consulting basis, with direct per- 
sonal supervision. 


EXECUTIVE ASSISTANT Executive, 


graduate, age 30, married. Assoc. Am. 
Soc. E., Alexander Hamilton Institute 
course for business executives; one year 
general and eight years’ industrial plant 
experience. Plant and shop layouts, designs 
buildings and machines, production, 
standardization, planning De- 
sires fit into organization with 


future. Location, 150 miles radius Al- 
bany, 


Sixteen 
years’ experience, railroad location, con- 


struction, maintenance, Engineer 
Dept. large river and harbor work, 
municipal work, paving, sewers and water, 
design and construction. Consulting work 
for Manufacturers Association. Sales engi- 


neering. Consider Central, Southern 
Western location. 


Sixteen years’ 
experience all classes construction 


field and office. Three years Captain 
Construction Division the Army. 


EER, graduate Rensselaer Polytechnic 
Institute. Assoc. Am. Soc. Age 


ENGINEERING SOCIETIES SERVICE BUREAU 


GRADUATE CIVIL ENGINEER, age 38. 


CIVIL ENGINEER, twenty years’ 


[Society Affairs. 


35, married. Varied experience chemical 
plant construction and operation: ammonia 
gas, sulphuric, phosphoric, nitric, and 
prussic acid, am- 
monium phosphate and ammonium nitrate, 
naphthalene, dyes and fertilizers. Super- 
vised construction buildings, installed all 
equipment and operated plants. Organizer 


and systematizer. Available January 
1921. 


CONSTRUCTION AND 


NEER. graduate, eleven years’ 
experience dam, power plant, reservoir, 
sewer and road construction. present 
employed large hydraulic-fill dam for 
flood protection. Available January 
Excellent references from present and 


former employers. Middle Western inter- 
view. 


TECHNICAL GRADUATE, Am. Soc. 


Twenty years’ experience hydrology, 
domestic water supply and irrigation. 
vestigations and reports. Desires appro- 
priate connection. 


Ten 
years’ experience since fol- 


lows: Teaching engineering mechanics and 
hydraulics one year; charge sewer con- 
struction, four months; Assistant Engineer, 
Reclamation Service, four years; 
Assistant Engineer, Elephant Butte Dam, 
one year; Yakima Project and Tieton Dam, 
charge field engineering, tests and inspec- 
tion, three years; Project Engineer and 
Chief Engineer, irrigation districts, nine 
months. Am. Soc. Prefers con- 
struction work with responsibility. Any- 


GRADUATE CIVIL ENGINEER, with modern 


business training experienced both the 
design and construction railroad and 
industrial plant structures, steel and con- 
crete bridges, piers and water front con- 
struction, heavy foundation 
dams. Total experience sixteen years; five 
years railroad bridge engineer charge 
reconstruction programme. 
Some selling experience. Age 39, married. 
Am. Soc. and Am. Ry. Eng. Assoc. 
Will consider position with engineering 
sales organization full time, consult- 
ing work part time. 


experience 
which last ten years executive capaci- 


ties handling 8000 employees. Rail- 
road location, construction and mainte- 
irrigation surveys and construction 
municipal office buildings and ware- 
house construction. Port terminal develop- 
ments. Desires connect with general 


contractor, salary immaterial. Profit shar- 
ing basis. 


CONSTRUCTION ENGINEER, Assoc. Am. 


Soc. E.; Cert. Mem. Am. Soc. Engi- 
neers. Seventeen years charge con- 
struction. Foreign and domestic railways, 
tunnels docks and piers, steel tanks and 
pipe lines, reinforced concrete construction, 
industrial plant erection, investigation, esti- 
mates and reports. Some knowledge of 
Spanish. Interview solicited. 


GRADUATE CIVIL ENGINEER, Lafayeit: 

College; age 36, married; Assoc. 
Soc. One year’s experience rail- 
road construction work three years dec} 
shaft and tunnel construction New York 
City; three years subway 
work New York City; one year con 
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struction Ordnance Depot; nine months 
designer buildings; five months 
highway construction work. Taught plane 
surveying during summer school La- 
fayette College 1910 and 
tion during summer school 1919. Prefer 
work around New York 
Salary expected $250 per month. 
CE-48. 


ENGINEERING SOCIETIES SERVICE BUREAU 


SRADUATE ENGINEER, age 39. Fourteen 


years’ office and field experience mainly 
and construction. Capable executive and 
handler men. Assoc. Am. Soc. 
connection with engineering, contracting 
concern. Fluent Spanish. 


4 
. 
4 


938 EXAMINATION FOR ENGINEERS’ LICENSES [Society Affairs. 


EXAMINATIONS FOR ENGINEERS’ LICENSES 


For the convenience the membership, abstracts the examination require- 
ments all States which engineers are now required obtain licenses before 
being allowed practice, together with the addresses the officers whom 
application must made, are repeated from the complete abstracts the various 
laws now force, published the October, 1920, Proceedings, follows: 

Colorado.—Each candidate examined that branch engineering which 
proficient, set forth his application. The Board conducts the examina- 
tion such manner deems best suited determine the fitness candidates, 
and may summon any licensed engineer assist preparing for and 
conducting examinations. Fee for examination $10.00, for license certificate 
$5.00, and for renewal certificate, $5.00 annually. Application for examination 
made State Engineer, Secretary, State Board Engineer Examiners, Denver, 
Colo. 

Board has ruled that examinations may consist the appli- 
cant’s sworn statement professional education and experience responsible 
charge engineering work. this statement not complete qualifying, the 
Board may summon the applicant appear for further examination, and investi- 
gate his record professional service. Examinations may either oral, partly 
oral and partly written. Fee for examination $15.00, for certificate registra- 
tion $10.00 additional, for registration without examination $25.00, and for 
renewal certificate, $5.00 annually. Application for examination made 
the Secretary, State Board Engineering Examiners, 215 East Bay Street, 
Jacksonville, Fla. 

are held semi-annually the State Capitol, Boise, 
Idaho, beginning M., the second Tuesday March and September. 
must received days before the date examination. Fee for residents 
$10.00, for non-residents $25.00, for renewal, $2.00 annually. Application for 
Certificate Registration made the Department Law Enforcement, Boise, 
Idaho, writing under oath such form and accompanied such proof 
the applicant’s fitness practice the Department may from time time 
prescribe. Must accompanied unmounted photograph taken within 
year. 

engineers’ examinations include written and oral tests, 
and embrace subjects normally taught schools structural engineering. They 
three days and cover theoretical and applied mechanies, definitions, general 
engineering knowledge, stress analysis, static and moving loads, design and con- 
struction reinforced concrete, steel, wood, masonry, and foundations. Fee for 
examination $10.00, for certificate registration $5.00, for examination deter- 
mine preliminary education $5.00, for restoration expired certificate $5.00, 
for renewal certificate $1.00 annually, for certificate those who hold like 
certificate from another State country, $15.00. for certificate 
made upon prescribed blanks the Department Registration and Education, 
Springfield, 

are required prescribed the Board. Fee for exam- 
ination $15.00, for certificate registration $10.00 additional, for certificate 
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without examination person registered another State, $10.00. Application 
for examination made the State Board Engineering Examiners, 
Box 923, Des Moines, Iowa. 

Louisiana.—Examinations are required all who are not graduates 
engineering college school good standing. Examination for surveying covers 
geometry, plane trigonometry, plane surveying and practical use instruments; for 
engineering, covers addition, including practical problems design and 
construction. Fee for examination $25.00, for registration diploma $25.00, for 
registration holder license from another State $15.00, for issuing license 
certifieate $1.00, engineering renewal license $3.00 annually, surveying renewal 
license $1.00 annually. Application for license examination made the 
State Board Engineering Examiners, Maison Blanche Building Annex, New 
Orleans, La. 

are required all who desire begin the practice 
architecture, engineering surveying principal responsible charge, 
except those from other States, and include English language and other appro- 
priate subjects. Fee for examination $5.00, for certificate registration $15.00 
additional, for certificate registration without examination $20.00, for renewal 
certificate $5.00 every five years. Application for examination made the 
State Board Examiners for the Registration Architects, Engineers, and 
Surveyors, Griswold St., Detroit, Mich. 

New York.—Present practitioners must obtain licenses before May 14th, 1922. 
evidence presented the application does not appear the Board con- 
clusive warranting issuance certificate, applicant may present further 
evidence, which may include the result required examination. Fee for certifi- 
cate practice engineering land surveying $25.00, for certificate practice 
both engineering and land surveying $35.00; provision for renewals. Applica- 
tion for certificate must made form Regents the Univer- 
sity the State New York, Albany, 

Oregon.—Examinations may either oral partly oral and partly written. 
Fee for examinations $10.00, for certificate registration $5.00 additional, for 
certificate registration without examination $15.00. Application for examina- 
tion made the Secretary, State Board Engineering Examiners, Corbett 
Building, Portland, Ore. 

Virginia.—Examinations are required all applicants except those from other 
States, prescribed. They are held least once each year Richmond, Va., 
and such other places and times the Board may designate. Fee for each 
examination $20.00. Application for examination made the State Board 
Examination and Architects, Professional Engineers, and Land 
Surveyors, Richmond, Va. Registration optional; present practitioners are not 
limited time within which register. 

Wyoming.—Examinations are required all applicants except those licensed 
under previous Acts, and consist written examination and investigation 
the Board record, training, and experience. Fee for examination $10.00, 
for certificate license without examination $5.00. Application for examination 
made the State Board Examining Engineers, Cheyenne, Wyo. 
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ANNOUNCEMENTS 


The Reading Room the Society open from M., every 
day, except Sundays, New Year’s Day, Memorial Day, Fourth July, Labor 


Day, Thanksgiving Day, and Christmas Day; during July and August, 


FUTURE MEETINGS 
January 5th, 1920.—8.00 M.—A regular business meeting the Society 
will held, the programme for which will announced later. 
ANNUAL MEETING 


The Sixty-eighth Annual Meeting will held the Headquarters the 


Society, West 39th Street, New York City, Wednesday and Thursday, 
January 19th and 20th, 1921. 


Committee Arrangements 


The Business Meeting will called order o’clock Wednesday 
morning. The Annual Reports will presented, Officers for the ensuing year 
elected, members the Nominating Committee appointed, Reports Special 


Committees will presented for discussion, proposed Amendments the Consti- 
tution considered, and other business transacted. 


SECOND MEETINGS THE MONTH 


Under authority given the Board Direction its meeting August 9th, 
1920, the Acting Secretary has made arrangement with the New York Section 
whereby the latter will take over the second meeting the month, and will thus 
hold its own meetings the third Wednesday each month. 

The programmes announced the New York Section* are similar those 
heretofore offered the Society’s Committee Second Meeting the Month, 
and understood that all members the Society are invited attend the 
meetings regardless whether not they may members the Section. This 
arrangement gives each member the same privilege attendance meetings 
which has heretofore enjoyed, and deemed especially desirable since there has 


been considerable doubt the attendance that might develop the several 
meetings three were held each month. 


RULES ADOPTED THE BOARD DIRECTION FOR THE USE THE 
ADDRESSOGRAPH AND MAILING LIST THE SOCIETY 


The following rules were adopted the Board Direction its meeting 


November 9th, 1920, for the use the Addressograph and Mailing List the 
Society 


Proceedings, Am. Soc. E., November, 1920, 868. 
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Addressograph shall used the Secretary only the routine 
the issuance Society matter and for the issuance notices joint meetings 
this and other societies. 

Mailing List shall furnished the Secretary: 

(a) Sections the Society free charge for legitimate use them 
relation Society matters, and 

(b) individual members the Society cost price for their 
cation with the membership regarding Society affairs. 

3.—Neither Mailing List nor the use the shall furnished 
any one for commercial advertising purposes. 

4.—In the difficulty rules each case that may arise 
the future, the authorized use his diseretion regarding each appli- 
cation whether accordance with the spirit the rules here outlined. 

5.—These rules shall published the Proceedings the Society that 


all members may have equal chance avail themselves the advantages 
the use the Mailing List. 


SEARCHES THE LIBRARY 


the Library the American Society Civil Engineers has been merged 
the Engineering Societies Library, requests for searches, copies, translations, 
should addressed the Director, Engineering Societies Library, West 
39th Street, New York City, who will gladly give information concerning the 
charges for the various kinds service. more comprehensive statement 


this matter will found page the Year Book for 1920. 


PAPERS AND DISCUSSIONS 


Members and others who take part the oral discussions the papers pre- 
sented are urged revise their remarks promptly. Written communications from 
those who attend the meetings should sent the earliest possible 
date after the issue paper. Written discussion given paper will 
closed three months after the paper has been published, that the author’s closure 
can printed four months after the paper, and the discussions and closure dis- 
tributed pamphlet form. 

All manuscript submitted for publication should preferably typewritten, 
and always double spaced. Drawings and diagrams should separate sheets, 
drawn scale suitable for about one-half one-fourth reduction. 

All papers accepted the Publication Committee are classified the Com- 
mittee with respect their availability for discussion meetings. 

Papers which, from their general nature, appear character suitable 
for oral discussion will set down for presentation future meeting the 
Society, and, these, oral discussions, well written communications, will 
solicited. 

All papers which not come under this heading, that say, those which 
their mathematical technical nature, the opinion the Committee, 
are not adapted oral discussion, will not scheduled for presentation any 
meeting. Such papers will published the same manner those which are 
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presented meetings, but written only will requested for 
subsequent publication and with the paper the volumes Transactions. 

The Board Direction has adopted rules for the preparation and presentation 
papers, which will found page the Year Book for 1920. 


LOCAL SECTIONS THE 
AMERICAN SOCIETY CIVIL ENGINEERS 


San Francisco Section, Organized 1905. 


O’Shaughnessy, President; Nathan Bowers, Secretary-Treasurer, 
531 Rialto Building, San Francisco, Cal. 

The San Francisco Section the American Society Civil Engineers holds 
regular bi-monthly meetings, with banquet, and weekly informal luncheons. The 
former are held M., the Engineers’ Club, Post Street, the third 
Tuesday February, April, June, August, October, and December, the last being 
the Annual Meeting the Section. 

Informal luncheons are held noon, every Wednesday, the Engineers’ Club, 
where special tables are reserved for members and guests the Section. 

The by-laws the Section provide for the extension hospitality any 
member the Society who may temporarily San Francisco, and any such 
member will gladly welcomed guest. 


Colorado Section, Organized 1908. 


Oliver Reedy, President; John Means, Secretary-Treasurer, 1574 Marion 
Street, Denver, Colo. 

The meetings the Colorado Section the American Society Civil 
Engineers (Denver, Colo.) are held the second Monday each month, except 
July and August. The hour and place meeting are not fixed, but this informa- 
tion will furnished application the Secretary. The meetings are usually 
preceded informal dinner. Members the American Society Civil 
Engineers will these meetings. 

Weekly luncheons are held Wednesday, 12.30 Daniels and 
Fisher’s. 

Visiting members are urged attend the meetings and luncheons, 


Atlanta Section, Organized 1912. 


Kriegshaber, President; Park Dallis, Secretary-Treasurer, 1024 
Candler Building, Atlanta, Ga. 

Informal luncheons are held for members the Section the last Monday 
each month, 12.30 M., which visiting members the American Society 
Civil Engineers will weleomed. The place not fixed, but this information 
will furnished application the Secretary. 


Baltimore Section, Organized 1914. 


Ezra Whitman, President; George Robertson, Secretary-Treasurer, 1625 
Linden Avenue, Baltimore, Md. 


Cincinnati Section, Organized 1920. 


President; Alphonse Westenhoff, Secretary, 1614 West- 
moreland Avenue, Cincinnati, Ohio. 


Cleveland Section, Organized 1914. 


Moore, President; George Tinker, 


Secretary-Treasurer, 
Columbia Building, Cleveland, Ohio. 


Mr. Ward Baldwin, the President the Section, died November 15th, 1920. 
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The regular meetings the Section are held the second Wednesday 
each month, 12.15 M., the Rooms the Cleveland Engineering Society, 
the Fourteenth Floor the Statler Hotel. Luncheon served these meet- 
ings, and visiting members are invited attend. 


Connecticut Section, Organized 


Charles Rufus Harte, President; Clarence Blair, Secretary-Treasurer, 
785 Edgewood Avenue, New Haven, Conn. 

The Annual Meeting the Section held April. The Section also holds 
fortnightly meetings alternating between Hartford and New Haven, Conn. These 
meetings are informal luncheon gatherings held usually noon Saturday 
notice being mailed each member attention the date, time, place, 
and subject for discussion. Members are privileged invite guests regardless 
their affiliation engineers. set speeches are scheduled, but certain mem- 
bers are asked prepared present the assigned subject and lead general 
discussion. 


Detroit Section, Organized 1916. 


David Molitor, President; Dalton Wells, 624 
chey Building, Detroit, Mich. 

The regular meetings the Section are held the second Friday December, 
April, and October, the last being the Annual Meeting. 


District Columbia Section, Organized 1916. 


David Carll, President; James Van Wagenen, Secretary-Treasurer, 
719 Fifteenth Street, W., Washington, 


Duluth Section, Organized 1917. 


Clark, President; Walter Zimmermann, Secretary, Wolvin Building, 
Duluth, Minn. 

The regular meetings the Section are held noon the third Monday 
each month (usually the Kitchi Gammi Club), with luncheon, followed 
short business session and the reading papers. Visiting members the 
Society Civil Engineers can secure from the Secretary definite infor- 
mation relative the meetings, which they will The Annual 
Meeting held the third Monday May. 


Section, Organized 1916. 

Reichmann, President; Gerber, Secretary-Treasurer, Chamber 
Commerce, Chicago, 

The regular meetings the Section are held the second Monday March, 
June, September, and December, the last being the Annual Meeting. The hour 
and place meetings are not fixed, but this information will furnished 
application the Secretary. 


lowa Section, Organized 1920. 

Nichols, President; Crum, Secretary, State College, Ames, 
owa, 

Louisiana Section, Organized 1914. 


Dusenbury, President; Eugene Deléry, Secretary, 602 Sewerage and 
Water Board Building, New Orleans, La. 

The regular meetings the Section are held The Cabildo, New Orleans, 
La., the first Monday January, April, July, and October. 


Nebraska Section, Organized 1917. 


Clark Mickey, President; Homer Knouse, Secretary-Treasurer, 200 City 
Hall, Omaha, Nebr. 
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Regular meetings the Section are held the first Saturday each month, 
except July and August, and such places may appointed from time 
time the Executive Committee. The Annual Meeting held Nebr., 
the second Friday January. 

Visiting members the Society are especially urged with 
the Secretary when the city. 


New York Section, Organized 1920. 
William Wilgus, President; Chevalier, Secretary, Battery Place, 
New York City. 

The Annual Meeting held May. The regular meetings the Section are 


held the Engineering Socicties Building, West 39th Street, New York City, 
the third Wednesday each month. 


Northwestern Section, Organized 1914. 


Charles Pillsbury, President; Paul Gauger, Secretary, 945 Osceola Ave., 
St. Paul, Minn. 
The meetings the Section are held bi-monthly, alternating between St. Paul 
and Minneapolis, the third Friday each month. Information the time 
and place such meetings will furnished application the Secretary. 


Philadelphia Section, Organized 1913. 
John Meigs, President; Henry Shelley, Secretary, 416 City Hall, Phila- 
delphia, Pa. 
The regular meetings the Section are held the Engineers’ Club Phil- 
adelphia, 1317 Spruce Street, the first Monday January, April, and October, 
the last being the Annual Meeting. Special meetings are also held, order 


provide opportunity for members take more active part the work the 
Section. 


Pittsburgh Section, Organized 1917. 


Morris Knowles, President; Nathan Schein, 426 City- 
County Building, Pittsburgh, Pa. 


Portland (Ore.) Section, Organized 1913. 


Stevens, President; Keyser, Secretary, 318 City Hall, Portland, Ore. 
The Annual Meeting the Section held the second Friday January. 
Other meetings are called the President and are usually convened Friday 
evenings. The place not fixed, but this information may obtained 
application the Secretary. All members the American Society Civil 
Engineers are cordially invited attend the meetings. 


Providence (R. I.) Section, Organized 1920. 


Sydney Wilmot, Chairman; Howard Congdon, Secretary-Treasurer, Care. 
Providence Steel and Iron Company, Providence, 


St. Louis Section, Organized 1888 (Constitution Approved Board, 1914). 

William Mitchell, President; Crecelius, Secretary-Treasurer, 
City Hall, St. Louis, Mo. 

The Annual Meeting the Section for the election officers and for 
transaction business, held the fourth Monday November. Two 
ings each year, for the presentation and discussion technical papers, are 
the Auditorium the Engineers’ Club St. Louis and are open 
the Associated Societies. Other “get-together” meetings are held regularly 


dinner luncheon the fourth Monday each month except July, 
and November. 
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San Diego Section, Organized 1915. 


George Cromwell, President; Wueste, Secretary-Treasurer, Bonita, Cal. 
The San Diego Section the American Society Civil Engineers meets 


announcement. Pilgrimages points engineering interest are made intervals 
throughout the year. 


Seattle Section, Organized 1913. 


John Hall, President; Bertram Dean, Secretary, 1711 Ravenna Boule- 
vard, Seattle, Wash. 

The regular meetings the Section with luncheon, are held the Engineers’ 
Club, Building, Third Avenue and Cherry Street, 12.15 M., the last 
Monday each month. Informal luncheons are also held 12.15 M., every 
Monday the Engineers’ Club. 

Special evening meetings are held from time time for the purpose dis- 
cussing important topics, and information concerning these meetings may had 
addressing the Secretary. All members any grade the American Society 
Civil Engineers are cordially invited attend the meetings when the 
vicinity, and, located this District for any length time, their membership 
the Section will appreciated. 


Southern California Section, Organized 1914. 


Barnard, President; Floyd Dessery, Secretary, 619 Central Building, 
Los Angeles, Cal. 

The Southern California Section the American Society Civil Engineers 
(Los Angeles, Cal.) holds regular monthly meetings the second Wednesday 
each month, the December meeting being the Annual Meeting. 

Informal luncheons connection with the Joint Technical Societies Los 


Angeles are held 12.15 every Thursday the Broadway Department 
Store Café. 


Spokane Section, Organized 1914. 


Alfred Butler, President; Charles Davis, Secretary-Treasurer, 401 City 
Hall, Spokane, Wash. 

The regular meetings the Section are held the second Friday each 
month, except July and August. The hour and place meeting are not fixed, but 
this information will furnished application the Secretary. 

Visiting members are invited attend the meetings. 


Texas Section, Organized 1913. 
Brillhart, Noyes, Secretary, Deere Building, Dallas, Tex. 


Utah Section, Organized 1916. 


Villadsen, President, 304 Dooly Bldg., Salt Lake City, Utah. 
The Annual Meeting the Section held the first Wednesday April. 


The time other meetings not fixed, but this information will furnished 
application the President. 
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STUDENT CHAPTERS THE 
AMERICAN SOCIETY CIVIL ENGINEERS 


Braune Civil Engineering Society (University Cincinnati) Student Chapter, 
Organized 1920. 


Clinton Wood, President; Miller, Secretary Section Alvord 
Stutson, Secretary Section University Cincinnati, Cincinnati, Ohio. 


Civil Engineering Society Rensselaer Polytechnic Institute Student Chapter, 
Organized 1920. 


Larson, President; Broughton, Secretary, Rensselaer Polytechnic 
Tnstitute, Troy, 
Pennsylvania State College Student Chapter, Organized 1920. 

Arthur President; William Seltzer, Secretary, Pennsylvania 
State College, State College, Pa. 


Stanford University Student Chapter, Organized 1920. 

Wing, President; Adams, Corresponding Secretary, Stanford 
University; Cal. 
University Pennsylvania Student Chapter, Organized 1920. 


Ashby Paul, President; Robert Beatty, Secretary, University Pennsyl- 
vania, Phila., Pa. 


Washington University Collimation Club Student Chapter, Organized 1920. 


Harold Smeltz, President; Raymond Schuermann, Secretary, Washington 
University, St. Louis, Mo. 


PRIVILEGES ENGINEERING SOCIETIES 
EXTENDED MEMBERS THE 
AMERICAN SOCIETY CIVIL ENGINEERS 


Members the American Society Civil Engineers will the 
Reading Rooms and the meetings many engineering societies all parts 
the world. list such societies will found pages and the 
Year Book the Society for 1920. 

The Engineering Societies Wisconsin, Madison, Wis., and Vereeniging 
Waterstaatsingenieurs Nederlansch Oost-Indie, are added the above 
mentioned list, and members these Societies are accorded the usual courtesies 
and privileges the Headquarters the Society. 
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NEW BOOKS 


NEW BOOKS* 


(From November ist November 30th, 1920) 


The statements made these notices are taken from the books themselves, 
and this Society not responsible for them. 


DONATIONS ENGINEERING SOCIETIES LIBRARY 


THE PRACTICAL DESIGN PLATE GIRDER BRIDGES. 


Harold Hughes Bird. Lond., Charles Griffin Co., Ltd.; Phila., Lip- 
pincott Co., 1920. 180 pp., diagrams, in., cloth. 


This work, English origin, has been written for young engineers and draftsmen engaged 
the design structural steelwork. particularly for those whose training has been 
more the than the practical side and intended bridge the gulf between 
knowledge the principles design and the actual application that knowledge the 
design plate-girder bridges and structural steelwork generally. 


NOTES MAGNETISM. 


Lamb, Cambridge, The University Press, 1920. pp., diagrams, 


These notes, drawn for the use students the Engineering Laboratory, Cambridge 
University, contain outline such portions magnetic theory are required order 
read the ordinary technical textbooks with intelligence. 


APPLIED NAVAL ARCHITECTURE. 


Lovett. Lond. and Y., Longmans, Green Co., 1920. 654 
pp., charts, tab., diagrams, in., cloth. $12.00. 


The present work treatise the design and construction moderate- 
speed merchant vessels, 350 ft. and upwards length. naval architecture not exact 
science, absolutely accurate solutions are not necessary many cases, and, for these, the 
author has given special attention approximate methods, whereby results may obtained 
rapidly. Contents: Board Trade Requirements; Designing; Freeboard; Hydro- 
Curves and Captain’s Information; Launching; Resistance and Horse-Power; Rudders and 
Steering; Stability and Trim; Strength; Tonnage Laws and Measurements; Weights, Stowages 


and Tables. 


THE FIREMAN’S HANDBOOK AND GUIDE FUEL ECONOMY. 


Charles Wade. Lond. and Y., Longmans, Green Co., 1920. pp., 


diagrams, in., boards. $1.00. 

This little handbook explains clearly and concisely the correct way fire and operate boiler 
and other furnace plants, and the reasons why the methods suggested are correct. The language 
simple and can understood men with little ability read. 


POWDERED COAL FUEL. 


Herington. Second Edition, Revised and Enlarged. Y., Van 
Nostrand Co., 1920. 338 pp., front., illus., tab., diagrams, in., cloth. 
$4.50. 


the two years that have elapsed since the first appearance this work, the use 
powdered coal has been greatly extended, and the book therefore reissued order present 
the economies that have been effected and the various uses which powdered coal has been 
applied. The processes for powdering coal, the suitable coals and the methods using are 
described the introductory chapters. The remainder the book gives the results obtained 
various industries. twenty-page bibliography included. 


CALCUL DES ORGANES DES MACHINES. 


Boulvin. Paris, Gauthier-Villars Cie., 1921. 515 pp., diagrams, 
charts, in., paper. 


The present work deals with the calculation boilers, cylinders, pipe systems, rotating 
and reciprocating machinery, eccentrics, gearing, and transmission systems. Throughout, 
concerned with the determination their dimensions from the resistance materials, that 
the tension deformation will not exceed the limits desired. Empirical formulas are avoided. 
Numerous difficult problems have been given special attention and are treated novel manner. 


otherwise specified, books this have been donated the publishers. 


r 
a ‘ 
| 
l 


948 NEW BOOKS [Society Affairs. 


POWER WAGON REFERENCE BOOK, 1920. 


Edited Stanley The Power Wagon Publishing Co. 
880 pp., illus., tab., diagrams, in., cloth. 


This volume combination buyers’ directory, encyclopedia, and engineering handbook 
motor trucks. The first section, Motor Trucks, comprises lists makers trucks and 
truck parts, both gas and electric, tables specifications, blueprints, and articles the use 
trucks various industries. Trailers, bodies, and tractors are given similar treatment 
succeeding sections, and these are followed collection articles general nature. 
The book ends with classified buyers’ directory. 


THE HANDBOOK INDUSTRIAL OIL ENGINEERING. 


John Rome Battle. Vol. Lubrication and Industrial Oil Section. Phila. 
and Lond., Lippincott Co., copyright 1920. 1131 pp., illus., tab., 
diagrams, charts, in., cloth. $10.00. 


This handbook intended assist the intelligent selection and use lubricants for 
all purposes, and has been prepared for manufacturers, sellers, and users industrial oils. 
The range covered wide one and includes the use oils heat-treating steel, foundry 
practice, soap-making and insecticides, well for lubrication. Specific information 
the use oils the major industries given. The book also has section marketing 
and selection mathematical and engineering data. 


PUMPING COMPRESSED AIR. 


Edmund Ivens. Y., John Wiley Sons, Lond., Chapman 
Hall, Ltd., 1920. 266 pp., illus., tab., charts, diagrams, in., cloth. $4.00. 


The intent the book provide the student with comprehensive theoretical study 
the subject and the operating engineer with information the essentials the actual 
installation. The present edition has been enlarged thirty pages reliable operative data. 


EIN NEUES PRINZIP FUR UND GASTURBINEN. 


Konrad Baetz. Leipzig, Otto Spamer, 1920. pp., illus., diagrams, 


The author states that the investigations described this monograph have occupied his 
attention for twenty years, but that his inability construct model machine has caused him 
publish this record his work, the hope that further investigations may stimulated 
thereby. The problem under consideration that combining, single machine, the 
modes action the reciprocating steam engine and the steam turbine. This the writer 
accomplishes turbine, the rotating member which composed cells, 
which the steam alternately compressed and expanded. The book gives the theoretical calcu- 
lations supporting the author’s theory and the results obtained experiment. 


DIE PHYSIKALISCHEN UND CHEMISCHEN GRUNDLAGEN DES EISENHUTTENWESENS. 


Walter Mathesius. Leipzig, Spamer, 1916. pp., pl., tab., 
charts, diagrams, in., cloth. (By Purchase.) 


order that the reader’s attention may concentrated upon the physical and chemical 
principles involved the metallurgy iron, descriptions the mechanical. equipment and 
apparatus have been omitted, except when necessary elucidate these principles. The book 
discusses detail the physical and chemical laws and hypotheses, the fuels, the production 
pig iron, wrought iron, and steel, and the casting iron and steel. 


THE MINING CATALOG FOR THE YEAR 1920. 


Compiled and Published Annually the Keystone Consolidated Publishing 
Company, Pittsburgh, Pa. 1363 pp., illus., in., cloth. 


The editors this volume have endeavored produce work practical use coal 
mine managers, purchasing agents, and engineers. The book divided into sections, each 
treating broad subject. division opens with selection technical information 
the subject, followed descriptions machinery used for the purpose, which have been 
prepared the manufacturers and are condensed catalogues their products. The volume 
completed good indexes the firms and products represented. 


THE OIL SHALE INDUSTRY. 


Victor Clifton Alderson. Y., Frederick Stokes Co., 1920. 175 
pp., illus., in., cloth. $4.00. 


Dr. Alderson’s book put forth general description the industry, its history, and 
its future, intended for the investor and business man, well for the engineer. the 
industry still experimental stage, has not tried describe any special processes 
detail, but has confined himself the discussion the general scientific principles which 
must followed, and accounts the experimental work now being done. Contents: The 
Dawn New Industry; Nature, Origin and Distribution Oil Shale; The History 
Shale; Mining Oil Shale; Retorting and Experimental and Research Work; 
Factors; Summary; Opinions; The Future; Bibliography. 
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DICTIONARY EXPLOSIVES. 


Arthur Marshall. Phila., Blakiston’s Son Co., 1920. 159 pp., 
cloth. $3.75. 


generation since dictionary explosives has been published, and the meantime 
many new explosives have been introduced. hoped, therefore, that this small volume, giving 
concise information about them, may prove useful. The book restricted explosives with 
special proprietary names, order keep moderate size. gives brief data the 
composition, use, and source the explosives mentioned. 


INDUSTRIAL STABILITY. 


Edited Carl Kelsey. (Vol. the Annals the American Academy 
and Social Science.) 1920. 164 pp., in., paper. $1.00. 


The thirty-four papers here brought together contributions current discussion the 
general subject, present the views business men, manufacturers, philosophers, social workers, 
attorneys, and economists one the most pressing questions the day. The major topics 
are the trend toward industrial democracy, labor representation industrial management, 
collective bargaining, securing stability; and the individual papers 
are grouped accordingly. 


MUNICIPAL LANDING FIELDS AND AIR PORTS. 


Compiled and Edited George Seay Wheat. and Lond., Put- 
nam’s Sons, 1920. pp., map, plates, diagrams, in., cloth. 


The need for flying routes and landing fields the most acute and immediate problem 
facing commercial aeronautics. Until these are provided, little progress toward 
other questions possible. The present book intended present the public the entire 
problem involved creating and administering flying routes, landing fields, and air ports. 


THE MANUFACTURE SUGAR FROM THE CANE AND FROM THE BEET. 


Heriot. (Monographs Industrial Chemistry.) Lond. and Y., 
Longmans, Green and Co., 1920. 426 pp., plates, diagrams, tab., in., 
cloth. $8.50. 

This description the manufacture sugar, covering all the operations 
and elucidating the principles that underly them. Detailed descriptions sugar machinery 


are omitted, the book intended give broad, but accurate view the whole industry, 
rather than cover the technical details manufacture. 


LESSONS MECHANICS. 


William Franklin and Barry MacNutt. Bethlehem, Pa., Franklin and 
cloth. $2.00. 


LESSONS ELECTRICITY AND MAGNETISM. 


William Franklin and Barry Bethlehem, Pa., Franklin and 
Constable Co., 1919 (reprinted 1920). 254 pp., 
diagrams, in., cloth. $2.25. 


LESSONS HEAT. 


William Franklin and Barry MacNutt. Bethlehem, Pa., Franklin and 
Charles; Lond., Constable and Co., Ltd., 1920. 147 pp., diagrams, charts, 


These three volumes are intended meet the needs the two-year schedule elementary 
which has recently been adopted some technical schools, and accordance with the 
the authors that most the added emphasis involved this schedule 
directed toward the mathematical basis the subjects. The central idea these texts that 
mathematical training must accomplished the combined efforts teachers mathematics 


teachers physics, and the books are designed help the latter fulfill his proper 
function this respect. 


SPACE AND TIME CONTEMPORARY PHYSICS. 


Introduction the Theory Relativity and Gravitation. Moritz 
Rendered into English Henry Brose. Y., Oxford University 
Press, American Branch, 1920. pp., cloth. $2.50. 

The theory relativity consists two parts, the old special theory and the more ‘recent 
theory. This book intended introduction the whole set ideas contained 
this theory and should interest especially those who are concerned with the general concep- 
tions rather than the details. Its essential purpose describe these physical doctrines with 


Particular reference their philosophic significance. The present edition varies from the 
Previous one only minor improvements. 
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RELATIVITY; THE SPECIAL AND THE GENERAL THEORY. 


Albert Einstein. Translated Lawson. Y., Henry Holt Co., 
1920. 168 pp., port., in., cloth. $3.00. 


Dr. Einstein has attempted, far possible, give exact insight into the theory 
relativity those readers who are interested from general scientific and philosophical 
viewpoint, but who are not conversant with the mathematical apparatus theoretical physics. 
The book assumes more than elementary education and, despite the shortness the text, 
fair amount patience and force will will necessary comprehend it. The author, 


however, has spared pains the endeavor present the main ideas the simplest and 
most intelligible form. 


HANDBOOK ENGINEERING MATHEMATICS. 


Walter Wynne and William Spraragen. Second Edition, Revised and 


Enlarged. Y., Van Nostrand Co., 1920. 282 pp., tab., diagrams, charts, 


This endeavor present handy form and convenient pocket size, references the 
theoretical and applied mathematics used engineering. contains the underlying engineering 
data and applications, well the mathematical formulas. The present edition has been 


enlarged additions the mathematical sections and tables functions, and the physical 
and chemical constants have been revised. 


CHEMICAL REACTIONS: THEIR THEORY AND MECHANISM. 


George Falk. Y., Van Nostrand Company, 1920. 211 


The central idea this book the development general theory reactions which 
will include both inorganic and organic reactions. The theory set forth based the 
“addition” theory that, when two more substances react, primary addition the first step. 
Although the addition theory has been used explain isolated reactions, the author believes 
this the first attempt apply generally. 


PROCEEDINGS, ANNUAL CONVENTION, INDUSTRIAL RELATIONS ASSOCIATION AMERICA. 
Chicago, 1920. 592 pp., in., paper. $5.00. 


The papers presented this conference, held May, 1920, are divided into two groups, 
one consisting general problems, the other those peculiar specific industries. The 
collection covers wide range topics connected with the relations workmen and employers. 


BUILDER THE NEW SOUTH; 


Being the Story the Life Work Daniel Augustus Tompkins. George 
Taylor Winston. Garden City, Y., Doubleday, Page Co., 1920. 403 
pp., port., cloth. $3.00. 


The subject this biography was born South Carolina, 1851. Educated the 
University South Carolina and Rensselaer Polytechnic Institute, first became assistant 
Alexander Holley, and later employee the Bethlehem Iron Works, under the late 
John Fritz, Hon. Am. Soc. 1882, established himself Charlotte, C., and 
from that time, until his death 1914, was active the development the industries the 
South and the promotion technical education. Because his wide interests, the story 
his life is, small measure, the story the industrial reconstruction the South. 


ELECTRIC TRACTION AND TRANSMISSION ENGINEERING. 


Samuel Sheldon and Erich Hausmann. Second Edition, Revised. 
Van Nostrand Co.; Lond., Crosby Lockwood Son, 1920. 307 
illus., diagrams, charts, in., cloth. $3.00. 


This textbook attempts present perspective view the design complete railway 
installation, from the cars the power-station, indicate the nature and sequence the 
various problems entailed, and suggest illustrate methods for their solution. 


intended assist students and young engineers discriminate the pertinency necessity 
specific details. 


THE CONSTRUCTION ROADS AND PAVEMENTS. 


Agg. Second Edition, Revised and Enlarged. and 
McGraw-Hill Book Co., 1920. 463 pp., illus., tab., charts, diagrams, 
cloth. $4.00. 


This book was written meet the need for concise presentation approved practice and 
the principles involved. intended primarily for use textbook, but includes tables. 
typical designs, and specifications valuable highway engineers for reference use. 
edition, the errors and omissions the first have been corrected. New material has 
added assessments for pavements, drainage, the control erosion, maintenance, 
portioning aggregates, and the testing materials. 
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LABORATORY MANUAL TESTING MATERIALS. 


William Kendrick Hatt and Scofield. Second Edition, and 
Lond., MeGraw-Hill Book Co., Ine., 1920. 178 pp., tab., chart, diagrams, 


This concise manual instructions for procedure the usual physical tests structural 
materials the outcome the operation the Laboratory for Testing Materials Purdue 
University. intended guide class work and investigations and explain the 
details the methods. The present edition has been thoroughly revised accordance with 
current practice. 


THE COLUMBIA BASIN IRRIGATION PROJECT; 


Report Columbia Basin Survey Commission. Olympia, Wash., 1920. 
185 pp., illus., maps, tab., diagrams, in., cloth. 


This report discusses the engineering, economic, and financial aspects plan proposed 
for the irrigation 1753000 acres land Southeastern Washington, using water supplied 
gravity. 


PRACTICAL RIVER AND CANAL ENGINEERING. 


Royal Minikin. Lond., Charles Griffin Co., Ltd.; Phila., Lip- 
pincott Co., 1920. 123 pp., illus., diagrams, in., cloth. 


The author this treatise Chief Civil Engineer the Brazilian Government Development 
Commission. His book endeavor explain the principles underlying the successful 
treatment inland waterways, and then state concisely and clearly well-ascertained facts 
free from those data, such dimensions and costs, that vary greatly with circumstances. The 
emphasis therefore root principles rather than historic and economic details, and the author 
has drawn wide practical experience. 
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MEMBERSHIP 
(From November 5th December 2d, 1920) 
ADDITIONS 


MEMBERS 


BALDWIN, Asst. Prof., Civ. Eng., Univ. Utah, 
BARLOW, JOHN Cons. Engr. with Henry 
Elrod Co., 220 Interurban Bldg., Dallas, Tex........ 
BARNES, EE. Asst. Supt., Am. Bauxite Co., Bauxite, Ark...... 
VAHAN. Chf. Engr., Priest Rapids Assoc. 
BARTHOLOMEW, Southern Dist., 
Flynt Constr. Co., 418 Piedmont Bldg., 
Charlotte, 
BELL, JAMES CHARLES. Supt. Dwight Robinson Co., 
WILLIAM. Vlajkooicea Belgrade, Serbia.......... 
BROWNELL, RALPH Dist. Engr., Portland Cement Co., 401 First 
National Bank Bldg., Oklahoma, 
HERBERT, JR. Southern Mgr., Ambursen Constr. Co., 
DENTON, ARTHUR PEEBLES. Dist. Engr., Portland 
785 Market St., San Francisco, Cal 


man Bldg., Los Angeles, Cal 


FLAHERTY, Epwarp Cons. Engr., 434 Hell- 


GERHARZ, (The Gerharz-Jaqueth Eng. Assoc. 


513 First National Bank Bldg., Great Falls, 
Harris, Engr., Los Angeles Ry. Corporation, 746 Pacific 
HENDERSON, HENRY BANKS. Vice-Pres., Cowin Fee, Ltd., 407 Boyd 
MERIWETHER, DAvip, JR. Regional Engr., Allegheny Region, Rail- 
road Administration, 903 Terminal Annex Bldg., Philadelphia, Pa. 
Norton, Archt. and Engr., 390 Main St., Worcester, 
WHEATLEY. (Wellston Slag Co.), Huntington Bank 
PHELAN, JOHN Capt., Corps Engrs., A., 1436 St., 
Epwarp Leo. Gas Engr. and Contr., 1601 Lexington Bldg., 
Jr. Asst. Highway Engr., Cali- 
fornia Highway Comm., 515 Forum Bldg., Sacra- 
WILLIAM STEVENS. 400 Securities Bldg., Seattle, Wash........ 
TIFFANY, Ross Kerr. Project Mgr., Spokane Val. Land Water Co.; 
Cons. Engr., Twin Falls North Side Canal Co., Room 730, Old 
National Bank Bldg., Spokane, Wash 


Date 
Membership. 
Oct. 11, 1920 
1908 
Nov. 10, 1920 
Nov. 1920 
Aug. 31, 1915 
Nov. 10, 1920 
Nov. 28, 1916 
Nov. 10, 1920 
Nov. 1920 
1920 
Nov. 1920 
Nov. 1920 
Nov. 1920 
Feb. 28, 1911 
Oct. 11, 1920 
Mar. 65, 1912 
Nov. 10, 1920 
Nov. 1920 
Nov. 1920 
Nov. 1920 
Nov. 1920 
Oct. 11, 
Nov. 1920 
Nov. 1920 
Jan. 13, 
Nov. 10, 
Nov. 
Oct. 1920 
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MEMBERS (Continued) 


TORNQUIST, CHARLES HERMAN. Supt. Constr., Assoc. 


Utility Co., Box 1792, Salt Lake City, Utah........ 
Taytor. Designing Engr., Bethlehem Constr. Co., 


ASSOCIATE MEMBERS 


ANDERSON, JAMES Adjunct Prof., Civ. Eng., Virginia Military 
ANDERSON, HENNING. Dist. Engr., The Lakewood Jun. 
ANDREWS, Asst. Engr., Pennsylvania State Highway Dept., 
531 Brinton St., Germantown, Philadelphia, Pa.......... 
ANGAS, 315 West Forsyth St., Jun. 
ARMSTRONG, ANTHONY Field Supt., The Austin Co., Bulletin 
CHARLES Asst. Engr., Mason Hanger Co., Gettys- 
Jr. Dist. Engr., Lakewood Eng. Co., 711 Sumpter 
Cons. Engr., Sapulpa, Okla 
FRANK and Geodetic Engr., Coast and 
Morton. Borough Engr., Media, Pa.............. 
CAMPBELL, 1550 Jackson St., Charleston, Va...... 
CHAMBERLIN, GEORGE Dist. Mgr., Stone Webster, Clement 
1607 Berkeley Ave., St. Paul, Minn 
CoHEN, 853 Stebbins Ave., New York City............ 
GEORGE MILES. Cons. Engr., Bishop Estate, Jun. 
CoNARD, FREDERICK Chf. Engr., Underwood Computing 
Machine Co., Vesey St., New York 
Chf. Engr., Reading Steel Casting 
Co. and Reading Valve Fittings Co., 551 North 5th St., Reading, 
RAYMOND GARFIELD. Senior Civ. Engr., Cost Section, Inter- 
state Commerce Comm., 719 Thirteenth St., W., Washington, 


JASPER OWEN. Instr., Theoretical and Applied Mechanics, 
Univ. Illinois, 210 Eng. Hall, Univ. Urbana, 
Ransom. Asst. Res. Engr., R., Room 206, 
CHARLES Res. Engr., California Highway Comm., 151 
LAURANCE WILLIAMS. Engr. (Frierson Dow), 407 Henson 
Bldg., Knoxville, Tenn 
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Date 
Membership. 


June 24, 1914 
Nov. 10, 1920 


Nov. 1920 


Nov. 1920 
Jan. 1915 
Nov. 1920 


Nov. 1920 
Dec. 1913 
1920 
Nov. 1920 
Nov. 1920 
Nov. 1920 
Oct. 11, 1920 
Nov. 1920 
Nov. 1920 
Nov. 1920 
Nov. 1920 
1920 
1920 
11, 1920 
Nov. 1920 
1915 
Oct. 11, 1920 


Nov. 1920 
Nov. 1920 


Nov. 1920 


Nov. 1920 
Nov. 1920 


Nov. 1920 
Nov. 1920 


Nov. 1920 
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ASSOCIATE MEMBERS (Continued) 


FULLER, SAMUEL LESLIE. Gen. Supt., John Casey Co., 935 Union 

IVAN MAXWELL. Dist. Engr., Pennsylvania Dept. Health, 

GRUPE, YouNG, JR. Cons. (Bruce Jun. 


404 Finance Bldg., Omaha, Nebr................... Assoc. 


WILL Asst. City Engr., 1105 Reid St., Lake 
GuEsT, (Guest Eng. Co.); City Jun. 


HASBROUCK, JOHN Cotton Pl., Long Meadow, Mass........ 
HEILENDAY, CHARLES. 359 Mosholu Parkway, North, New York City.... 
HENCKEL, ALFRED Asst. Engr., R., 184 Garside 
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GROUTING OPERATIONS, 
CATSKILL WATER SUPPLY 


Am. Soc. 


PRESENTED 4TH, 1920. 


Grout was used extensively the structures the Catskill Water 
Supply System for filling spaces behind the lining tunnels, for 
cutting off the flow water into shafts and tunnels grouting the 
water-bearing fissures, for solidifying the foundations and stopping 
the flow beneath dams, and for various other purposes. The object 
this paper give summary the experience and results obtained 
the use grout the construction the aqueduct, dams, and other 
structures the Catskill Works, -with the hope that may prove 
valuable those undertaking work involving grouting. 


Grouting was one the important operations the construction 
the pressure tunnels the Catskill Aqueduct. These tunnels, 
forming about one-third the total length the Aqueduct, are sub- 


jected great hydrostatic pressures when service, and was essential 
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make them tight against outward leakage. prevent the escape 
water, grouting was depended back the concrete lining and 
close all open seams the rock adjacent it. The Aqueduct has 
been in-service for two years, and the slight and practically negligible 
loss water from the pressure tunnels evidence ‘the complete 
success the methods adopted their construction. 

prevent the percolation water through porous zones under 
the Ashokan and Kensico Dams, extensive grouting was done, the grout 
being forced into the rock seams under air pressure through holes drilled 
into the ledge rock underneath the dams. cut off the leakage which 
had developed underneath the foundations the two earth dikes the 
Ashokan Reservoir, and improve the foundations, holes were drilled 
through the core-walls and rolled embankment into the rock and 
grouted. 

Grout was also used cut off the flow water during shaft sink- 
ing and tunnel driving, order permit the work proceed more 
rapidly and reduce the expense pumping. Considerable grouting 
was also done connection with repairs parts the Rondout, 
Breakneck, and City Pressure Tunnels, where the lining had been 
ruptured when the tunnels were subjected working pressures. The 
breaks the lining were due the yielding the rock when the 
test pressures were applied, and grout was injected fill the cracks 
the rock surrounding the tunnel. 

Other uses for grout the Catskill Aqueduct included the lining 
large steel pipe lines, the grouting stretches poor ground 
grade tunnels, the filling the expansion joint openings the cut- 
and- aqueduct, and for other purposes. some these cases, 
the grout was not air but was placed pouring 


GROUTING PRESSURE TUNNELS. 


The utilization the pressure-tunnel type one the notable 
features the Catskill Aqueduct. There are nine pressure tunnels, 
aggregating miles length. These tunnels were driven rock, 
deep beneath the surface, and were lined with concrete averaging from 
in. and more thickness. They have finished inside diameter 
varying from ft. in. minimum ft. The depths the 
tunnels below the surface vary from 100 ft. maximum more than 
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1100 ft., the latter being the depth the Hudson River crossing. The 
hydraulic gradient this crossing more than 1500 ft. above the 
invert the tunnel. The pressure-tunnel type was adopted only after 
extended study, there was precedent for such tunnels subjected 
such high unbalanced heads. 

was the opinion some authorities that the concrete lining could 
not made tight enough against ground-water heads. was also 
feared that where the rock was porous and water-bearing, excessive 
leakage might develop when the tunnel was put service, and that 
the application pressure the case jointed and fissured rocks 
might even cause movement the rock and rupture the concrete 
lining, with resultant outward leakage. Great reliance, therefore, was 


placed the use grout make the tunnels secure and tight against 
all leakage. 


Design Pressure account the heavy internal 
hydrostatic pressures, was deemed advisable place the tunnels under 
heavy cover sound rock. This cover not less than 150 ft., 
except the case comparatively heads. account the 
external ground-water pressure the tunnels when they were under 
construction, any time when they are out service, the circular 
shape was adopted, and the lining was made thick enough withstand 
both the ground-water head and the grouting pressure necessary 
overcome frictional resistance and ground-water head. The con- 
erete for the lining was proportioned, mixed, and placed 
practically water-tight. The concrete lining, addition preventing 
outward leakage, also provides smooth coating produce high 
coefficient flow. also prevents the falling rock and makes easier 
the cleaning the tunnel. 

was practically impossible in. lining the tunnel pack the 
concrete tightly against the irregular surface the rock the roof, 
grout was forced fill all the voids over the arch and back the 
lining and transmit the internal pressures the rock. was 
expected also that the grout would effective closing the seams 
the rock surrounding the tunnel impregnating any 


porous, water-bearing strata cut off all subsequent outward 
leakage. 


Conditions Encountered During the Excavation the Pressure 
Tunnels.—Before the contracts for the pressure tunnels were let, 
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extensive borings were made develop the rock profile the valleys 
crossed and ascertain the kind and condition rock 
encountered during the driving the tunnels. The tunnels penetrate 
wide range geologic formations, the rocks varying character 
from soft shale hard quartz conglomerate. The most important 
quality, however, from the standpoint water-tightness the tunnel, 
was the soundness and tightness the rock prevent outward leakage. 
stretches where the tunnels passed through faulted and crushed 
zones, and the rock was either unsound structurally weak, steel 
ribs and lagging were used support the roof. these places the 
space between the steel lagging and the rock was packed with stone, 
the dry packing being subsequently grouted through 2-in. pipes set 
the concrete lining and extending into the dry packed space. 
Although the pressure tunnels were excavated several hundred feet 
below ground-water level and under rivers and streams, there were 
only few stretches where excessive quantity water entered 
during the excavation. many stretches the tunnels passed through 
blocky ground intersected joint planes and crevices; the openings 
the rock these places were often ‘found filled with deposits 
mineral matter, and little water entered the tunnels through 
such openings. Several the tunnels passed underneath glacial 
gorges, and the drift overlying the rock formed dense impervious 
blanket against the inflow water. With the exception the 
stretches tunnel, described detail later, cases inward 
leakage during the excavation exceeding 150 gal. per min. 
per mile tunnel. the miles the City Tunnel, the maximum 
quantity water which entered the tunnel, was 137 gal. per min. per 


mile. 


The geological conditions the tunnels were given careful con- 
sideration, the structure the rock, the nature the openings, and 
other conditions influenced the method grouting. Underground 
water circulates the rock through the intersecting joint planes and 
seams formed bending, folding, and faulting due disturbance 
the earth’s crust. Stratified rocks are often found with alternating 
hard and soft layers, some which are quite porous, permitting free 
circulation either through the body the rock along the bedding 
planes. Vertical planes fracture are frequent occurrence 
stratified rocks. the Helderberg limestones large solution cavities 


7 
7 
J 
: 
| 


Papers.] OPERATIONS, CATSKILL WATER SUPPLY 


mud seams were encountered, requiring special precautions 
making the tunnel secure and providing against subsequent outward 
leakage. 

All inflowing water from the rock seams was taken care before 
placing the concrete lining collecting the water and leading 
through pipes set the concrete, will described later detail. 
Subsequently, the water-bearing fissures were grouted through these 
pipes. many cases, the inward leakage during excavation gradu- 
ally diminished and often stopped after some interval, due the dis- 
charge accumulated water the seam, but the points inward 
leakage and the areas general seepage were carefully noted when 
the excavation was first made. The locations wet seams were 
recorded, and provision was subsequently made for grouting these 
places, was realized that when the tunnel was service, water 


escape through the same channels whereby had entered. 


Cut Orr THE TUNNEL. 


Where large flows water are encountered driving tunnel, 
loss progress invariably results, and very often the work shut 
down until additional pumps are installed for handling the water. 
Obviously, great advantage reduce cut off the leakage, 
possible, where the inflow very heavy, before the heading 
advanced. rule, however, superintendents dislike stop exca- 
vation and grout the wet ground, preferring continue the driving, 
possible. Several efforts were made this work cut off the water 
grouting the rock during excavation. 

Wet Stretch, Rondout driving 15% incline north 


Shaft the Rondout Tunnel, faulted and crushed zone 


High Falls shale and Binnewater sandstone was encountered, yielding 
considerable flow water charged with H,S gas. shut off the 
water, attempt was made solidify the rock advance the 
excavation grouting through the drill holes the heading which 
flowed water. These holes yielded flow about 300 gal. per min. 
They were closed with pipes and grouted, but the high pressure used— 
200 lb. per sq. in.—blew off ft. the soft shale the face the 
heading. Additional holes were drilled around the periphery the 
tunnel and grouted. Although the leakage was somewhat reduced, the 
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flow with the advance the heading, additional water- 
bearing seams were encountered. 

account the heavily faulted and crushed condition the 
shale, which was intersected wide and narrow seams, became 
apparent, after further efforts, that grouting could not depended 
reduce the leakage materially, and was then decided advance 
the heading without further grouting. After suspension nearly 
three months, during which time pumping plant having capacity 
about 5000 gal. per min., was installed the tunnel, excavation 
was resumed. The first shot revealed large water-bearing crevice 
the right the tunnel yielding about 600 gal. per min. Numerous 
other leaks were encountered the heading was advanced, the total 
pumpage reaching maximum about gal. per min. The inflow 
water subsequently gradually diminished about 1000 gal. per 
min., remaining nearly constant this figure until was finally shut 
off grouting after fhe lining was placed. 

Better results might have been secured this stretch concrete 
bulkhead had been used retain the grouting pressures, although 
the soft and weak condition the rock was very unfavorable for 
grouting. Another reason for failure cut off the water under the 
conditions encountered was the difficulty adjusting the consistency 
the grout both large and small seams. Large seams require thick 
grout for thorough filling, while thin grout must used fill the fine 
seams. Ordinarily, the consistency the mix was adjusted the 
large seams which have filled first. order secure the best 
results, grouting the large seams should followed re-drilling 
and grouting with fine grout, fill the narrow seams. 

Grouting Water-Bearing Seam, Hudson Tunnel.—In excavating the 
Hudson Pressure Tunnel, 1100 ft. below the river surface, flow 
about 500 gal. per min. was encountered the heading near the 
East Shaft. 4-in. pipe was first put the hole from which most 
the water issued, and concreted place. The pipe was connected 
the discharge line the shaft, and the water was forced its own 
pressure pump chamber the side the shaft 300 ft. above the 
bottom. Eight horizontal holes were drilled into the heading and 
plugged with pipes fitted with valves. concrete bulkhead, ft. 
thick, reinforced with steel rails, was then built against the face 
the heading, the pipes extending through. About 180 bags neat 
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cement grout was then through the pipes under pressures 
700 lb. per sq. in. The grout was mixed Canniff tank and was 
discharged displacing with water pumped high-pressure 
plunger pump. 
shooting the heading after the grout had set, there was 
increase water even after passing the seam, which was narrow, 
clean-cut, vertical crack crossing the tunnel nearly right angles and 
found well filled with grout. When the bench was excavated, 
exposing the seam the bottom, appeared filled with grout, 
but after had been excavated about ft. beyond the point original 
leakage, one the vertical bench holes struck flow 110 gal. per 
min. This flow disappeared after the next shot, and supposed 
that the hole was plugged the displacement the rock. The open 
condition the seam this tunnel made easy grout, partic- 
ularly tight bulkhead was provided, retaining the pressure. The 
rock was firm and hard, and the walls the fissure did not contain 
soft rock, which would have blocked the opening and prevented the 
free entrance grout. 


GROUTING TUNNELS AFTER PLACING THE 
CoNCRETE 


With the exception the two instances just described, where 
attempt was made grout the rock seams the time driving, all 
grouting the pressure tunnels was done after the concrete lining 
had been placed. already suggested, the purpose this grouting 
was, first, fill with grout all void spaces between the concrete lining 
and the rock that the internal hydrostatic pressures might trans- 
mitted the rock without rupturing the lining; and, second, pre- 
vent reduce the leakage out the tunnel grout, under 
pressure, into the water-bearing crevices the rock and impreg- 
nating any porous rock surrounding the tunnel. 

Placing the Concrete Lining the Pressure Tunnels.—The con- 
crete lining the pressure tunnels was placed three steps: First, 
the invert bottom strip, from ft. wide; second, the side- 
walls extending to, few feet above, the horizontal diameter 
and, third, the arch comprising the upper part the section. The 
invert was placed continuously, with joints the end the day’s run, 
which averaged about 125 ft., while the side-walls and arch were con- 
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creted lengths depending the lengths forms used, varying 
from ft. maximum 150 ft. Steel forms were used for the 
side-walls and arch, the concrete being shoveled behind the forms from 
platforms resting upon these forms. When the concrete the arch 
had nearly reached the top, longitudinal boards were set radially 
either side the top arch plate, and the concrete was banked 
slope above the boards. Before placing the concrete the key 
the arch, the radial boards were removed and the was shoveled 
place the key end handling. 

The concrete for the tunnel linings was mixed approximately the 
proportions 1:2:4 the pressure tunnels north New York City. 
The mix, however, was varied the requirements the work 
demanded. the City Tunnel, mix was adopted. Portland 
cement all parts the work. moderately wet plastic 
mix was used for the entire section, except near the top the arch, 
and the key, where drier consistency was adopted. 

Protection Concrete from Inflowing Water During 
order secure dense, tight lining, was considered essential pro- 
tect the concrete, while was being placed and during the time 
setting, from running water. The method generally adopted accom- 
plish this purpose was place tin galvanized-iron drip-pans against 
the rock collect the water and keep away from the con- 
during placing and setting. The water from the pans ran into 
the tunnel through weepers, consisting 2-in. steel wrought-iron 
pipes set the concrete while was being placed, the pipes being 
extended through the steel forms holes cut them. 

concentrated flows, holes were drilled into the rock seams 
and pipes were set collect the water without the use drip-pans, or, 
some instances, both deep-seated pipes and pans were used. All flow- 
ing pipes and spaces behind the drip-pans were subsequently grouted. 
The drip-pans were usually held place against the rock nailing the 
edges the pans wooden plugs set holes few inches deep drilled 
for the purpose, and bracing them from The space between 
the edges the pan and the rock was caulked with oakum 
plaster Paris, mixture cement and plaster Paris, pre- 
vent the concrete from getting behind the pan and plugging the weeper. 

placing invert concrete, the water-bearing seams were taken care 
placing over them broken stone drains covered with cement 
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bags sheets tin, and placing grout pipes have them extend 

down through the invert concrete and drain. Wherever necessary, 

the water was kept below the top the broken stone drain pumping 
through one the grout pipes until the concrete had set sufficiently 

hard. other cases, longitudinal pipe collectors were laid under the 

invert, carrying the water sump from which was pumped. There 

were cases small springs the lower part the side-walls, where 

drip-pans could not well placed. such places, the grout pipe 

was run blind drain made broken stone and covered with 

empty cement bags and dry concrete. 

The drip-pans varied size from sq. ft. maximum of, 
perhaps, 150 sq. ft. was found better use several small pans 
rather than one large one, order that the grouting pressures might 
applied more directly and thus more effective closing the 
seams, and also avoid possible rupture the lining upon the appli- 
cation the high-pressure grouting. The pans were usually fitted with 
two pipes, one the bottom drain the water and subsequently for 
grouting, and the other near the top act vent and aid the cir- 
culation the grout the pan. Small pans were frequently fitted 
with only one pipe. great deal care and attention was given 
the placing the drip-pans and pipes order insure tight con- 
crete and, addition, make adequate provision for effective grouting 
subsequently. 

order make unnecessary cut many holes through the forms 
for the pipes, was intended originally arrange the piping back 
the forms use system collectors with few holes cut 
the forms regular places. was found more effective, how- 
ever, use short, direct pipes for grouting purposes. There are several 
objections grouting through long pipes with bends and other con- 
nections; namely, the danger clogging the pipes, the impossibility 
cleaning out the pipes drilling through holes already grouted 
for the purpose regrouting, and the delays likely occur placing 
arrangement pipes with complicated details. 

With the steel forms first used, holes were cut for the grout pipes 
and weepers only where necessary, and after repeated use, the forms 
were badly cut up. some the later work, holes were cut the 
forms standard locations. one contract there was threaded hole 
the center each plate, which the pipe could secured. This 
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provided opening for each sq. ft. surface, which was adequate 
for ordinary conditions. 

the methods adopted for placing the concrete and protecting 
from inflowing water, during setting, dense concrete excellent 
quality was obtained for the lining the pressure tunnels. test 
made the Wallkill Pressure Tunnel, the lining stretch 
180 ft. ungrouted tunnel was subjected pressure 135 lb. per 
sq. in. The only indications seepage through the concrete were 
few damp spots. the concrete the pressure tunnels had not been 
good quality, would have been extremely difficult make the 
grouting operations successful. 

Grout Pipes and Weepers.—In placing the concrete the key 
the arch, practical impossibility pack tight against the 
rock continuously the roof. Furthermore, setting, shrinks away 
from the rock. order fill the void space along the top and 
haunches the arch, grout pipes were set the arch concrete the 
time was placed. some stretches, where the breakage the roof 
was very high, the space above the normal thickness the arch was 
filled with dry packing which was subsequently grouted. Where steel 
roof support was used, the dry packing placed between the steel lagging 
and the rock was also grouted through pipes set the concrete lining. 

Grout pipes the arch were usually placed intervals not exceed- 
ing ft. along the dry stretches. the beginning, three pipes 
were placed each transverse joint the arch, one the center and 
one either haunch, for grouting the joint. These pipes, however, 
were found little value for the purpose and were dispensed 
with later work. Additional pipes were placed points high 
breakage the roof serve vents prevent the formation air 
pockets and insure the complete filling the voids. 

Both weepers and grout pipes were 2-in. steel wrought iron, 
except one the tunnels where pipes were used. The 2-in. 
pipes are preferable they not clog readily the smaller ones. 
The grout pipes were carefully placed and were usually wedged between 
the forms and the rock, either with spike other spacer the end 
near the rock. Each pipe was provided, the end nearest the form, 
with standard coupling which the hose connection was made for 
grouting. some parts the work, wad oakum was placed 
the end the pipe nearest the rock order keep out the concrete. 
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Upon removing the forms was the usual practice clean out the 
pipes poking rod into them. prevent the displacement the 
pipes during concreting, was the practice one the tunnels 
extend all pipes, the dry ones well the weepers, through the forms 
means nipples screwed into the couplings. The nipples had 
removed before the forms were struck. 


Wet seam 


Vent pipe, also used for draining 


off surplus water, and for high 


Pipe for grouting pressure grouting 


space above arch 


ooden 


(see 


iron tin sheet 


drilled rock 
wet area. 


Flannel Open joint water- 


around pipe 
Stone drain covered tin 


sheets cement bags take 
Hole drilled for grouting 
open water-bearing seam 


Note: 

Water flowing into the tunnel from the 
seams the rock collected behind drip pans, 
and drains into the tunnel through set 
the concrete while the latter placed. The 
concrete thereby protected from running 


water during setting, are later PRESSURE TUNNEL 
grouted. drilled the rock WET SEAMY ROCK 
before placing concrete, intercept water- METHOD TAKING CARE 
bearing seams. These seams are subse- INFLOWING WATER AND MAKING 
quently grouted through placed PROVISION FOR GROUTING 
WATER-BEARING SEAMS 
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Low and High-Pressure Grouting—Grouting pressure tunnels 
was done two stages: (1) Low-pressure and, (2), high-pressure 
grouting. The purpose the low-pressure grouting was: pri- 
marily fill the void spaces between the lining and the rock, par- 
ticularly above the arch, and, the same time, form blanket over 
the construction joints the arch; fill the voids the dry 
packing where the latter was used; and (c) porous honey- 
combed spots the concrete. 

The object the high-pressure grouting was: (a) cut off the 
leakage water into the tunnel and thereby prevent the escape 
water out the tunnel filling with grout, forced under high 
pressure, the crevices and openings the surrounding rock; and (b) 
complete the filling the voids between the lining and the rock, 
particularly the high places the roof, and between the drip- 
pans and the rock. general, the procedure followed grouting was 
first grout the space above the arch under low pressure through the 


pipes set for the purpose, and then grout, under high pressure, the 
vent pipes and weepers. 


GROUTING. 


Detailed Description—The details the low-pressure grouting 
differed somewhat the various contracts, the following description 
being typical the procedure finally developed. When stretch 
tunnel was ready for grouting, the usual practice was first grout 
the arch pipes, beginning one end the stretch and working 
toward the other. The pipe grouted was first raked out 
order clean any obstruction; sometimes, was blown out with 
air clear it. Plug cocks were placed all pipes which connec- 
tions were made. 2-in. grout-hose connection, equipped with 
side vent, was attached the pipe grouted, and batches grout 
from tank grouting machine were then discharged through the hose 
and into the pipe, compressed air. The pressure ordinarily used 
for this grouting was about lb. per sq. in. 

Grouting was continued each pipe which connection was made 
the pipe refused take more grout until the grout had 
traveled along the roof several hundred feet ahead, when connection 
was made with another pipe and the process repeated. The distance 
which the grout above the arch could forced ahead the pipe, 
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varied from 200 300 ft., and, some cases, where there was large 
continuous void space the roof, would travel more than 500 ft. 
was the usual practice, however, where conditions were normal, 
grout the space above the arch making connections the roof 
pipes every 125 200 ft. 

charging the grout tank the cement, sand, and water proper 
proportions were placed the tank, and the air was allowed boil 
through the batch agitate it, while, the same time, the batch 
was generally stirred hand paddle, the air alone was insufficient 
mix the materials thoroughly. 

the batches grout were forced into the pipe and the grout 
flowed ahead, water large streams issued from the adjacent roof 
this was the excess water from the grout, well the ground- 
water leakage which had collected above the arch. This water was pushed 
ahead the grout, and soon the pipes showed flow grout 
they were plugged either driving tapering pine plugs into them or, 
the the vent other pipes which connection was 
made for high-pressure grouting, they were closed means the 
plug cocks the ends. some the holes for the connections 
were plugged driving wad oakum back into the far end the 
pipe. the end the shift, several hours after grouting, when 
the grout had partly set, the oakum was removed with auger. Any 
pipe which had filled with grout that had set, was drilled out for 
the subsequent grouting. 

During low-pressure grouting, the high vent pipes were kept open 
drain off the excess water, permit the escape air, and prevent 
the accumulation ground-water pressure. During the grouting, the 
transverse joints the arch and any porous spots the concrete 
generally showed seepage water first, then very thin grout 
appeared, after which, the leaks usually stopped short time, and 
silted up. some cases, the leakage grout and water through the 
joints was stopped driving thin wooden wedges into the joints, 
end leakage through the porous concrete was stopped bracing and 
wedging board covered with mat oakum against the porous 
spot. The longitudinal joints either side the key the top 
the arch also leaked few stretches, due principally porous 
the vicinity the joints. 
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Synopsis 


Grout was used extensively the structures the Catskill Water 
Supply System for filling spaces behind the lining tunnels, for 
cutting off the flow water into shafts and tunnels grouting the 
water-bearing fissures, for solidifying the foundations and stopping 
the flow beneath dams, and for various other purposes. The object 
this paper give summary the experience and results obtained 
the use grout the construction the aqueduct, dams, and other 
structures the Catskill Works, with the hope that may prove 
those undertaking work involving grouting. 


Grouting was one the important operations the construction 
the pressure tunnels the Catskill Aqueduct. These tunnels, 
forming about one-third the total length the Aqueduct, are sub- 
jected great hydrostatic pressures when service, and was essential 
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make them tight against outward leakage. prevent the escape 
grouting was depended back the concrete lining and 
close all open seams the rock adjacent it. The Aqueduct has 
been service for two years, and the slight and practically negligible 
loss water from the pressure tunnels evidence the complete 
success the methods adopted their construction. 

prevent the percolation water through porous zones under 
the Ashokan and Kensico Dams, extensive grouting was done, the grout 
being forced into the rock seams under air pressure through holes drilled 
into the ledge rock underneath the dams. cut off the leakage which 
had developed underneath the foundations the two earth dikes the 
Ashokan Reservoir, and improve the foundations, holes were drilled 
through the core-walls -and rolled embankment into the rock and 
grouted. 

Grout was also used cut off the flow water during shaft sink- 
ing and tunnel driving, order permit the work proceed more 
rapidly and reduce the expense pumping. Considerable grouting 
was also done connection with repairs parts the Rondout, 
Breakneck, and City Pressure Tunnels, where the lining had been 
ruptured when the tunnels were subjected working pressures. The 
breaks the lining were due the yielding the rock when the 
test pressures were applied, and grout was injected fill the cracks 
the rock surrounding the tunnel. 

Other uses for grout the Catskill Aqueduct included the lining 
large steel pipe lines, the grouting stretches poor ground 
grade tunnels, the filling the expansion joint openings the cut- 
and-cover aqueduct, and for other purposes. some these cases, 
the grout was not forced air pressure, but was placed pouring 


TUNNELS. 


The utilization the pressure-tunnel type one the notable 
features the Catskill Aqueduct. There are nine pressure tunnels, 
aggregating miles length. These tunnels were driven rock, 
deep beneath the surface, and were lined with concrete averaging from 
in. and more thickness. They have finished inside diameter 
varying from ft. in. minimum ft. The depths the 
tunnels below the surface vary from 100 ft. maximum more than 
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1100 ft., the latter being the depth the Hudson River crossing. The 
hydraulic gradient this crossing more than 1500 ft. above the 
invert the tunnel. The pressure-tunnel type was adopted only after 
extended study, there was precedent for such tunnels subjected 
such high unbalanced heads. 

was the opinion some authorities that the concrete lining could 
not made tight enough against ground-water heads. was also 
feared that where the rock was porous and water-bearing, excessive 
leakage might develop when the tunnel was put service, and that 
the application pressure the case jointed and fissured rocks 
might even cause movement the rock and rupture the concrete 
lining, with resultant outward leakage. Great reliance, ‘therefore, was 
placed the use grout make the tunnels secure and tight against 
all leakage. 

Design Pressure account the heavy internal 
hydrostatic pressures, was deemed advisable place the tunnels under 
heavy cover sound rock. This cover not less than 150 ft., 
except the case comparatively light heads. account of, the 
external ground-water pressure the tunnels when they were under 
construction, any time when they are out service, the circular 
shape was adopted, and the lining was made thick enough withstand 
both the ground-water head and the grouting pressure necessary 
frictional resistance and ground-water head. The con- 
for the lining was proportioned, mixed, and placed 
practically water-tight. The concrete lining, addition preventing 
outward leakage, also provides smooth coating produce high 
flow. also prevents the falling rock and makes easier 
the cleaning the tunnel. 

was practically impossible lining the pack the 
concrete tightly against the irregular surface the rock the roof, 
grout was forced fill all the voids over the arch and back the 
lining and transmit the internal pressures the rock. was 
expected also that the grout would effective closing the seams 
crevices the rock surrounding the tunnel impregnating any 
porous, water-bearing strata cut off all subsequent outward 
leakage. 

Conditions Encountered During the Excavation the Pressure 
the contracts for the pressure tunnels were let, 
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extensive borings were made develop the rock profile the valleys 
crossed and ascertain the kind and condition rock 
encountered during the driving the tunnels. The tunnels penetrate 
wide range geologic formations, the rocks varying character 
from soft shale hard quartz conglomerate. The most important 
quality, however, from the standpoint water-tightness the tunnel, 
was the soundness and tightness the rock prevent outward leakage. 

stretches where the tunnels passed through faulted and crushed 
zones, and the rock was either unsound structurally weak, steel 
ribs and lagging were used support the roof. these places the 
space between the steel lagging and the rock was packed with stone, 
the dry packing being subsequently grouted through 2-in. pipes set 
the concrete lining and extending into the dry packed space. 

Although the pressure tunnels were excavated several hundred feet 
below ground-water level and under rivers and streams, there were 
only few stretches where excessive quantity water entered 
during the excavation. many stretches the tunnels passed through 
blocky ground intersected joint planes and the openings 
the rock these places were often found filled with 
mineral matter, and little water entered the tunnels through 
such openings. Several the tunnels passed underneath glacial 
gorges, and the drift overlying the rock formed dense impervious 
blanket against the inflow water. With the exception the wet 
stretches tunnel, described detail later, cases inward 
leakage occurred during the excavation exceeding 150 gal. per min. 
per mile tunnel. the miles the City Tunnel, the maximum 
quantity water which entered the tunnel, was 137 gal. per min. per 
mile. 

The geological conditions the tunnels were given careful con- 
sideration, the structure the rock, the nature the openings, and 
other conditions influenced the method grouting. Underground 
water circulates the rock through the intersecting joint planes and 
seams formed bending, folding, and faulting due disturbance 
the earth’s crust. Stratified rocks are often found with alternating 
hard and soft layers, some which are quite porous, permitting free 
circulation either through the body the rock along the bedding 
planes. Vertical planes fracture are frequent occurrence 
stratified rocks. the Helderberg limestones large solution cavities 
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mud seams were encountered, requiring special precautions 
making the tunnel secure and providing against subsequent outward 
leakage. 

All inflowing water from the rock seams care before 
the concrete lining collecting the water and leading 
through pipes set the concrete, will described later detail. 
Subsequently, the water-bearing fissures were grouted through these 
pipes. many cases, the inward leakage during excavation gradu- 
ally diminished and often stopped after some interval, due the dis- 
charge accumulated water the seam, but the points inward 
leakage and the areas general seepage were carefully noted when 
the excavation was first made. The locations wet seams were 
recorded, and provision was subsequently made for grouting these 
places, was realized that when the tunnel was service, water 
could escape through the same channels whereby had entered. 


Cut Orr THE TUNNEL. 


Where large flows water are encountered driving tunnel, 
loss progress invariably results, and very often the work shut 
down additional pumps are installed for handling the water. 
Obviously, great advantage reduce cut off the leakage, 
possible, the inflow very heavy, before the heading 
advanced. As.a rule, however, superintendents dislike stop 
vation and grout the wet ground, preferring continue the driving, 
possible. Several efforts were made this work cut off the water 
grouting the rock during excavation. 

Wet Stretch, Rondout driving 15% incline north 
Shaft the Rondout Tunnel, faulted and crushed zone 
High Falls shale and Binnewater sandstone was encountered, yielding 
considerable flow water charged with H,S gas. shut off the 
water, attempt was made solidify the rock advance the 
excavation grouting through the drill holes the heading which 
flowed water. These holes yielded flow about 300 gal. per min. 
They were closed with pipes and grouted, but the high pressure used— 
200 Ib. per sq. in.—blew off ft. the soft shale the face the 
heading. Additional holes were drilled around the periphery the 
tunnel and grouted. Although the leakage was somewhat reduced, the 
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flow with the advance the heading, additional water- 
bearing seams were encountered. 

account the heavily faulted and crushed condition the 
shale, which was intersected wide and narrow seams, became 
apparent, after further efforts, that grouting could not depended 
reduce the leakage materially, and was then decided advance 
the heading without further grouting. After suspension nearly 
three months, during which time pumping plant having capacity 
about 5000 gal. per min., was installed the tunnel, excavation 
was resumed. The first shot revealed large water-bearing crevice 
the right the tunnel yielding about 600 gal. per min. Numerous 
other leaks were encountered the heading was advanced, the total 
pumpage reaching maximum about 000 gal. per min. The inflow 
water subsequently gradually diminished about 1000 gal. per 
min., remaining nearly constant this figure until was finally shut 
off grouting after the lining was placed. 

Better results might have been secured this stretch concrete 
bulkhead had been used retain the grouting pressures, although 
the soft and weak condition the rock was very unfavorable for 
grouting. Another reason for failure cut off the water under the 
conditions encountered was the difficulty adjusting the consistency 
the grout both large and small seams. Large seams require thick 
grout for thorough filling, while thin grout must used fill the fine 
seams. Ordinarily, the consistency the mix was adjusted the 
large seams which have filled first. order secure the best 
results, grouting the large seams should followed re-drilling 
and grouting with fine grout, fill the narrow seams. 

Grouting Water-Bearing Seam, Hudson excavating the 
Hudson Pressure Tunnel, 1100 ft. below the river surface, flow 
about 500 gal. per min. was encountered the heading near the 
East Shaft. 4-in. pipe was first put the hole from which most 
the water issued, and concreted place. The pipe was connected 
the discharge line the shaft, and the water was forced its own 
pressure pump chamber the side the shaft 300 ft. above the 
bottom. horizontal holes were drilled into the heading and 
plugged with pipes fitted with valves. concrete bulkhead, ft. 
thick, reinforced with steel rails, was then built against the face 
the heading, the pipes extending through. About 180 bags neat 
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cement grout was then forced through the pipes under pressures 
700 per sq. in. The grout was mixed Canniff tank and was 
discharged displacing with water pumped high-pressure 
plunger pump. 

shooting the heading after the grout had set, there was 
increase water even after passing the seam, which was narrow, 
clean-cut, vertical crack crossing the tunnel nearly right angles and 
found well filled with grout. When the bench was excavated, 
exposing the seam the bottom, appeared filled with grout, 
but after had been excavated about ft. beyond the point original 
leakage, one the vertical bench holes struck flow 110 gal. per 
min. This flow disappeared after the next shot, and supposed 
that the hole was plugged the displacement the rock. The open 
condition the seam this tunnel made easy grout, partic- 
ularly tight bulkhead was provided, retaining the pressure. The 
rock was firm and hard, and the walls the fissure did not contain 
soft rock, which would have blocked the opening and prevented the 
free entrance grout. 


GROUTING TUNNELS AFTER PLACING THE 
LINING. 


With the exception the two instances just described, where 
attempt was made grout the rock seams the time driving, all 
grouting the pressure tunnels was done after the concrete lining 
had been placed. already suggested, the purpose this grouting 
was, first, fill with grout all void spaces between the concrete lining 
and the rock that the internal hydrostatic pressures might trans- 
mitted the rock without rupturing the lining; and, second, pre- 
vent reduce the leakage out the tunnel forcing grout, under 
pressure, into the water-bearing crevices the rock and impreg- 
nating any porous rock surrounding the tunnel. 

Placing the Concrete Lining the Pressure Tunnels.—The con- 
crete lining the pressure tunnels was placed three steps: First, 
the invert bottom strip, from ft. wide; second, the side- 
walls extending to, few feet above, the horizontal diameter; 
and, third, the arch comprising the upper part the section, The 
invert was placed continuously, with joints the end the day’s run, 
which averaged about 125 ft., while the side-walls and arch were con- 
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lengths depending the lengths forms used, varying 
from ft. maximum 150 ft. Steel forms were used for the 
side-walls and arch, the concrete being shoveled behind the forms from 
platforms resting upon these forms. When the concrete the arch 
had nearly reached the top, longitudinal boards were set radially 
either side the top arch plate, and the concrete was banked 
slope above the boards. Before placing the concrete the key 
the arch, the radial boards were removed and the concrete was shoveled 
place the key end handling. 


The concrete for the tunnel linings was mixed approximately the 
proportions 1:2:4 the pressure tunnels north New York City. 


The mix, however, was varied the requirements the work 
demanded. the City Tunnel, 1:14:3 mix was adopted. Portland 
cement was used all parts the work. moderately wet plastic 
mix was used for the entire section, except near the top the arch, 
and the key, where drier consistency was adopted. 

Protection Concrete from Inflowing Water During 
order secure dense, tight lining, was considered essential pro- 
tect the concrete, while was being placed and during the time 
setting, from running water. The method generally adopted accom- 
plish this purpose was galvanized-iron drip-pans against 
the rock collect the water and keep away from the con- 
crete during placing and setting. The water from the pans ran into 
the tunnel through weepers, consisting 2-in. steel wrought-iron 
pipes set the concrete while was being placed, the pipes being 
extended through the steel forms holes cut them. 

cases concentrated flows, holes were drilled into the rock seams 
and pipes were set collect the water without the use drip-pans, or, 
some instances, both deep-seated pipes and pans were used. All 
ing pipes and spaces behind the drip-pans were subsequently grouted. 
The drip-pans were usually held place against the rock nailing the 
edges the pans wooden plugs set holes few inches deep drilled 
for the purpose, and bracing them from theforms. The space between 
the edges the pan and the rock was carefully caulked with oakum 
plaster Paris, mixture cement and plaster Paris, pre- 
vent the concrete from getting behind the pan and plugging the weeper. 

placing invert concrete, the water-bearing seams were taken care 
placing over them broken stone drains covered with cement 
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bags sheets tin, and placing grout pipes have them extend 
down through the invert concrete and drain. Wherever necessary, 
the water was kept below the top the broken stone drain pumping 
through one the grout pipes until the concrete had set sufficiently 
hard. other cases, longitudinal pipe collectors were laid under the 
invert, carrying the water sump from which was pumped. There 
were cases small springs the lower part the side-walls, where 
drip-pans could not well placed. such places, the grout pipe 
was run blind drain made broken stone and covered with 
empty cement bags and dry concrete. 

The drip-pans varied size from sq. ft. maximum of, 
perhaps, 150 sq. ft. was found better use several small pans 
rather than one large one, order that the grouting pressures might 
applied more directly and thus more effective closing the 
seams, and also avoid possible rupture the lining upon the appli- 
cation the high-pressure grouting. The pans were usually fitted with 
two pipes, one the bottom drain the water and subsequently for 
grouting, and the other near the top act vent and aid the cir- 
culation the grout the pan. Small pans were frequently fitted 
with only one pipe. great deal care and attention was given 
the placing the drip-pans and pipes order insure tight con- 
crete and, addition, make adequate provision for effective grouting 
subsequently. 

order make unnecessary cut many holes through the forms 
for the pipes, was intended originally arrange the piping back 
the forms use system collectors with few holes cut 
the forms regular places. was found more effective, how- 
ever, use short, direct pipes for grouting purposes. There are several 
objections grouting through long pipes with bends and other con- 
nections; namely, the danger clogging the pipes, the impossibility 
cleaning out the pipes drilling through holes already grouted 
for the purpose regrouting, and the delays likely occur placing 
arrangement pipes with complicated details. 

With the steel forms first used, holes were cut for the grout pipes 
and weepers only where necessary, and after repeated use, the forms 
were badly cut up. some the later work, holes were cut the 
forms standard locations. one contract there was threaded hole 
the center each plate, which the pipe could secured. This 
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provided opening for each ft. surface, which was adequate 
for ordinary conditions. 

the methods adopted for placing the concrete and protecting 
from inflowing water, during setting, dense excellent 
quality was obtained for the lining the pressure tunnels. test 
made the Wallkill Pressure Tunnel, the lining for stretch 
180 ft. ungrouted tunnel was subjected pressure lb. per 
sq. in. The only indications seepage through the concrete were 
few damp spots. the concrete the pressure tunnels had not been 
good quality, would have been extremely difficult make the 
grouting operations successful. 

Grout Pipes and Weepers.—In placing the concrete the key 
the arch, practical impossibility pack tight against the 
rock continuously the roof. Furthermore, setting, shrinks away 
from the rock. order fill the void space along the top and 
haunches the arch, grout pipes were set the arch concrete the 
time was placed. some stretches, where the breakage the roof 
was very high, the space above the normal thickness the arch was 
filled with dry packing which was subsequently grouted. Where steel 
roof support was used, the dry packing placed between the steel lagging 
and the rock was also grouted through pipes set the concrete lining. 

Grout pipes the arch were usually placed intervals not exceed- 
ing ft. along the dry stretches. the beginning, three pipes 
were placed each transverse joint the arch, one the center and 
one either haunch, for grouting the joint. These pipes, however, 
were found little value for the purpose and were dispensed 
with later work. Additional pipes were placed points high 
breakage the roof serve vents prevent the formation air 
pockets and insure the complete filling the voids. 

Both weepers and grout pipes were 2-in. steel wrought iron, 
except one the tunnels where 14-in. pipes were used. The 2-in. 
pipes are preferable they not clog readily the smaller ones. 
The grout pipes were carefully placed and were usually wedged between 
the forms and the rock, either with spike other spacer the end 
near the rock. Each pipe was provided, the end nearest the form, 
with standard coupling which the hose connection was made for 
grouting. some parts the work, wad oakum was placed 
the end the pipe nearest the rock order keep out the concrete. 
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Upon removing the forms was the usual practice clean out the 


pipes poking rod into them. prevent the displacement the 


pipes during concreting, was the practice one the tunnels 
extend all pipes, the dry ones well the weepers, through the forms 
means nipples screwed into the couplings. The nipples had 


removed before the forms were struck. 


Wet seam 


Pipe for grouting 
space above arch 


Flannel 
oakum packing 
around pipe 


Vent pipe, also used for draining 
off surplus water, and for high 


pressure grouting 


iron tin sheet 
plugs set holes 
drilled rock 


wet area. 


Open joint water- 
bearing seam 


Stone drain covered tin 


open water-bearing seam 


Note: 

Water flowing into the tunnel from the 
seams the rock collected behind drip pans, 
and drains into the tunnel through set 
the concrete while the latter placed. The 
concrete thereby protected from running 
water during The 2"pipes are later 
grouted. Holes drilled the rock 
before placing concrete, intercept water- 
bearing seams. These seams are subse- 
quently grouted through pipes placed 
the holes shown. 
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Low and High-Pressure pressure tunnels 
was done two stages: (1) Low-pressure and, (2), high-pressure 
grouting. The purpose the low-pressure grouting was: pri- 
marily fill the void spaces between the lining and the rock, par- 
ticularly above the arch, and, the same time, form blanket over 
the construction joints the arch; fill the voids the dry 
packing where the latter was used; and (c) fill any porous honey- 
combed spots the concrete. 

The object the high-pressure grouting was: (a) cut off the 
leakage water into the tunnel and thereby prevent the escape 
water out the tunnel filling with grout, forced under high 
pressure, the crevices and openings the surrounding rock; and (b) 
complete the filling the voids between the lining and the rock, 
particularly the high places the roof, and between the drip- 
pans and the rock. general, the procedure followed grouting was 
first grout the space above the arch under low pressure through the 
pipes set for the purpose, and then grout, under high pressure, the 
vent pipes and weepers. 


GROUTING. 


Detailed details the low-pressure grouting 
differed somewhat the various contracts, the following description 
being typical the procedure finally developed. When stretch 
tunnel was ready for grouting, the usual practice was first grout 
the arch pipes, beginning one end the stretch and working 
toward the other. The pipe grouted was first raked out 
order clean any obstruction; sometimes, was blown out with 
air clear it. Plug cocks were placed all pipes which connec- 
tions were made. grout-hose connection, equipped with 
side vent, was attached the pipe grouted, and batches grout 
from tank grouting machine were then discharged through the hose 
and into the pipe, compressed air. The pressure ordinarily used 
for this grouting was about lb. per sq. in. 

Grouting was continued each pipe which connection was made 
until the pipe refused take more grout until the grout had 
traveled along the roof several hundred feet ahead, when connection 
was made with another pipe and the process repeated. The distance 
which the grout above the arch could forced ahead the pipe, 
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varied from 200 300 ft., and, some cases, where there was large 
void space the roof, would travel more than 500 ft. 
-It was the usual practice, however, where conditions were normal, 
grout the space above the arch making connections the roof 
pipes every 125 200 ft. 

charging the grout tank the cement, sand, and water proper 
proportions were placed the tank, and the air was allowed boil 
through the batch agitate it, while, the same time, the batch 
was generally stirred hand paddle, the air alone was 
mix the materials thoroughly. 

the batches grout were forced into the pipe and the grout 
ahead, water large streams issued from the adjacent roof 
pipes; this was the excess water from the grout, well the ground- 
water leakage which had collected above the arch. This water was pushed 
ahead the grout, and soon the pipes showed flow grout 
they were plugged either driving tapering pine plugs into them or, 
the case the vent other pipes which connection was 
made for high-pressure grouting, they were closed means the 
plug cocks the ends. some the holes for the connections 
were plugged driving wad oakum back into the far end the 
pipe. the end the shift, several hours after grouting, when 
the grout had partly set, the oakum was removed with auger. Any 
pipe which had filled with grout that had set, was drilled out for 
the subsequent grouting. 

During low-pressure grouting, the high vent pipes were kept open 
drain off the excess water, permit the escape air, and prevent 
the ground-water pressure. During the grouting, the 
transverse joints the arch and any porous spots the concrete 
generally showed seepage water first, then very thin grout 
appeared, after which, the leaks usually stopped short time, and 
silted up. some cases, the leakage grout and water through the 
joints: was stopped driving thin wooden wedges into the joints, 
end leakage through the porous concrete was stopped bracing. and 
wedging board covered with mat oakum against the porous 
spot. The longitudinal joints either side the key the top 
the arch also leaked few stretches, due principally porous 
concrete the vicinity the 
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The weepers from drains and drip-pans, and the deep-seated 
pipes were also kept open during low-pressure grouting. The matter 
proper venting and free drainage the ground-water during low- 
pressure grouting the greatest importance securing good 
results, because essential not permit the building 
ground-water head the fresh grout since the object form 
impervious over the top the arch and thereby prevent 
leakage water through the unset grout and the formation channels 
through the transverse and longitudinal joints 
through any porous spots the concrete. 

Grouting Dry-Packed Spaces Above the Arch—When grouting dry 
packing large void spaces above the arch, hose connections were first 
made the lowest pipes, and the voids the dry packing were 
filled and the water was drained off, connections were made the 
higher pipes. Cases occurred where the vent pipes extended from 
ft. the dry packing above the arch, and, these places, 
grouting was continued until the vent pipes showed flow grout, 
indicating that the dry packing was thoroughly filled. Where water 
present above the arch, important that the grout should displace 
the water from below and not permitted mingle with it. Samples 
eut from the grout above the arch showed the grout exceedingly 
dense and impervious, filling the space without shrinkage and often 
forming close bond with the surrounding rock. 

Proportions Used for Low-Pressure batch grout 
consisted one bag cement weighing about one bag sand 
weighing generally about lb., and from gal. water, 
the total making batch about 2.0 2.2 cu. ft. liquid grout 
measured the tank. The cement was the ordinary commercial brand 
used for the concrete lining. The sand was very fine, screened when 
necessary meet the requirements the specifications, namely, that 
100% pass sieve having openings per sq. in., 45% pass sieve 
having 1600 openings per sq. in., the wires the sieves being, respec- 
tively, and 0.013 in. diameter. the work north New 
York City, glacial sand. was used, while for the City Tunnel white 
beach sand from the south side Long Island was obtained. 

The quantity grout placed depended the excess breakage 
the roof and the extent the dry packed spaces. the City Tunnel, 
unsupported stretches, where dry packing was used the roof, 
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the quantity grout placed under low pressure varied from 
cu. ft. per lin. ft. tunnel. 
Progress Low-Pressure progress low-pressure 
grouting varied, usually from about 600 1000 ft. tunnel week, 
working three shifts day. Many factors influenced the speed, such 
the length haul, the delivery materials, the proficiency the 
gang loading and unloading the cars, and, course, the volume 
space filled above the arch. Usually, normal stretches 
tunnel, not more than one two connections were made hours. 
The sand and cement were hauled through the tunnel the grouting 
plant flat cars holding from bags. The sand was brought 
the work bulk, but was bagged hand the top the shaft 
before was sent underground. Tests were made handling the 
sand bulk the tunnel, but was soon found that package 
about the same size and weight bag cement was the most con- 
venient form for rapid handling. 

The force employed the tunnel for low-pressure grouting was 
generally one foreman and seven eight men, two charging the grout 
tanks, one stirring the batch, one operating the valves the grout 
tank, and three four handling the hose and making the connec- 
tions. the surface, men were employed sand and load the 
cars the cages. 

Precautions Observed Placing Low-Pressure Grout.—Low- 
pressure grout should injected gently under low pressure 
possible avoid churning the mix and separation the ingre- 
dients, and only sufficient quantity water should used produce 
freely flowing mixture that will not clog the hose. The air pressure 
should not higher than necessary force the grout through the 
hose and into place. reducing valve was used some parts the 
work cut down the line pressure from and per sq. in. 
excess air, especially when injecting grout under water, likely 
agitate and churn the mix, causing separation and stratification 
the sand and cement, with the formation soft deposit laitance 
the top the grout contact with the rock. 

avoid the after blast air when grouting space filled with 
water, was the usual practice close the discharge valve before 
the hose “kicked”, the latter requiring careful watching. further 
precaution used prevent the separation the mix where large 
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space filled with water was grouted, was keep the grouting con- 
nection from ft. below the top the grout. 

The importance venting the high pipes and allowing all the 
weepers run freely during low-pressure grouting has been referred 
to. sometimes happens that low-pressure grout enters the drip-pans 
drains, but such cases the pipes should not kept closed 
allow the accumulation ground-water pressures. 

stretches showing general seepage the roof the tunnel, 
taken care drip-pans and pipes, was sometimes found that the 
panning was not entirely successful preventing the water from 
mingling with the grout. first, was thought that these wet 
stretches should not grouted with the drier stretches either side, 
and they were skipped the first trip, but was found that better 
results could secured grouting the wet stretches the roof with 
the rest, the water the wet stretches did not accumulate pres- 
sure, but would travel over the top the dense unset grout open 
vent pipes, sometimes long distance away, instead breaking through 
the grout blanket point near-by weakness. 


GROUTING. 


The purpose the high-pressure grouting, already stated, was 
complete the filling the voids between the lining and the rocks, 
more particularly, cut off the flow water into the tunnel 
foreing grout into the water-bearing seams and closing all openings 
the surrounding rock, order- prevent reduce the leakage out 
the tunnel when the latter service. 

Detailed was the general practice first grout 
the high vent pipes the roof, order complete the filling the 
space above the arch, and then grout the pipes from the drip-pans 
and the deep-seated pipes leading the rock seams. Some the 
vent pipes the roof showed flow water stretches originally 
dry. The grouting one vent pipe would often stop the flow water 
from another, indicating flow grout through the open seams 
the rock. other cases there would increase the flow water 
from weeper due forcing water through the rock seams open 
vent. rule, very little grout could injected into the vent pipes. 

After grouting the arch pipes, the “wet” pipes, weepers, were 
next grouted. starting operations, air 100-lb. pressure was 
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blown into the pipe expel the water from the drip-pans seams. 
This was sometimes followed charge water clear the pipe 
just prior grouting. The charge water was often applied 
test give idea the circulation grout expected. the 
charge water failed “go”, the pipe would take very little grout. 
Another indication the size and extent the rock seams that could 
reached from connection was the showing air another open 
pipe the refusal the pipe take air when high air pressure was 
applied. 

The usual practice grout the weepers with mix bag 
cement and gal. water. When the pipe would take 
more grout, the high pressure, about 300 lb. per sq. in., was kept 
for from min., which had the effect squeezing the water out 
the grout and packing the cement solidly the pipe. Frequently, 
this procedure did not completely fill the pipe, was drained and 
plugged with thick batch grout. Temporary plugging seam 
during grouting was often overcome forcing air into the seam under 
high pressure. 

was found difficult shut off small leaks through pipes set 
the lower portion the side-walls where vents were provided. 
After pressure 300 Ib. per sq. in. had been maintained these 
holes for several minutes, was often found that grout had been 
forced the pipe and the leak still continued. Such pipes were 
closed, even the case those which flowed several 
gallons per minute, driving tight-fitting wooden plug into the 
extreme end the pipe and then ramming with dry cement. 

was the practice some parts the work complete the high- 
pressure grouting all the key pipes the arch stretch 
tunnel, after which the tunnel was gone over third time when the 
flowing pipes were grouted. 

pressure used for high-pressure grouting 
varied, rule, between 250 and 350 per sq. in. This was the 
pressure the grouting tank. had sufficiently high over- 
come the ground-water pressure and, addition, force the grout 
into the seams the surrounding rock. the case very fine 
seams, the frictional resistance great that doubtful much 
grout injected into them even under high tank pressures. 
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Gauge measurements the rock-water pressure were often taken 
before the grouting flowing pipe was started. The gauge readings, 
however, gave clue the quantity grout the pipes would take. 
The gauge pressures showed that the rock-water level the pressure 
tunnels had dropped considerably below the original ground-water level, 
the gauges registering pressures usually under 100 per sq. in., 
that the back pressure was not generally high and the grout was forced 
under high net pressures. many cases, the entire ground-water 
head was restored few weeks after the completion the high-pressure 
grouting. The grouting wet seam the Hudson River Tunnel 
has already been referred to. this location, the ground-water 
grouting was 475 lb. per sq. in., and the grouting was 


done under pressures running maximum about 700 Ib. per 
sq. in. 


and Consistency.—To insure the flow grout into the fine 


openings, neat cement was used high-pressure grouting. The con- 
sistency the mix varied, depending the conditions. Ordinarily, 
bag cement and gal. water were used. Where grout could 
forced into the rock seams was mixed very thin—as thin bag 
cement gal. water. this mix was taken freely, was 
regarded indication that the grout was traveling some distance 
from the tunnel lining and, therefore, was not much value. The 
mix was accordingly thickened gradually increasing the quantity 
cement the batches until the pipe began refuse grout, when thin 
grout was again injected, the pipe being finally plugged with batch 
thick grout under pressure. 

was originally contemplated use very finely ground 
cement for grouting order that the grout might carried readily 
into the finest seams. However, cement ordinary fineness grind- 
ing was used, was realized that, time, the openings outside the 
tunnel lining and through the body the concrete would silt up. 
show that the finer the grinding, the greater the loss 
the strength the grout account the more thorough hydration 
the cement. The coarse particles impart strength the cement, 
and, for that reason, very fine grinding may not desirable. Some 
tests were made under severe conditions, using quick-setting Lias lime, 
but the results were not satisfactory, the material did not harden 
properly and the water was not cut off. 
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Precautions Observed High-Pressure very 
important factor successful grouting the control the consistency 
the mix. For large openings, thick consistencies should used, 
while for the very finest openings the best results are obtained with 
thin grout. The thick mixes, however, must carry enough water 
prevent undue clogging. coarse particle lumps cement must 
allowed into the tank. The cement sometimes affected the 
dampness the tunnels and should screened when necessary. 
Grouting hole must continued without interruption long 
enough clog the hose permit initial set the grout. 


FEATURES CONNECTION WITH GROUTING. 


Time Required for Grouting and Quantity Grout 
time required for grouting the pressure tunnels varied, depending 
the method and equipment used, the length haul, the extent the 
space grouted, and the quantity and distribution inward leakage. 
Table and the following data give the progress, force employed, 
power consumption, and other relating the grouting 
the two miles tunnel included Section the City Tunnel, 
the lower part New York City. This portion the tunnel 
was comparatively dry, there being large, concentrated flows 
within the two miles. The air used for grouting was supplied com- 
pressor the top one the shafts. The plant and equipment used 
for grouting this part the work are shown Fig. 


TABLE 1.—Data TUNNEL 
Contract 67, 


Low-pressure High-pressure 
grouting: 
One grouting One grouting 
outfit. outfit. 


Connections grout 170 683 
Quantity liquid grout placed, cubic yards.......... 761 
grout per linear foot tunnel, cubic 0.17 0.02 
rogress per week, linear feet tunnel............. 690 467 


The total force employed the tunnel and the surface, aver- 
aged each shift during the low-pressure grouting and 
men per shift high-pressure grouting, for two grouting outfits. 
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The electrical power consumed the compressor, hoist, lighting, 
pumps, and tractors aggregated approximately kw-hr. and 300 
kw-hr. per ft. tunnel low and high-pressure grouting, respec- 
tively, covering two grouting outfits. 

The cost the City, grouting, based contract prices, aver- 
aged per lin. ft. tunnel, Contract 67. 

Quantity Grout Taken Flowing quantity 
grout injected into the pipes varied, depending the flow water, 
the size the openings the rock, the back pressure, and other 
conditions. The quantity water issuing from flowing pipe gave 
some indication the quantity grout the pipe would take, but 
was not absolute index. idea the quantity grout taken 
flowing pipes furnished the experience grouting seams lime- 
stone the Rondout Siphon, where the tunnel lining was ruptured 
account movement the surrounding rock when the tunnel was first 
filled with water for the purpose testing it. Holes were drilled 
through the lining into the rock, and the seams were grouted. very 
thin grout was used—about 0.8 lb. cement gal. water. 

the case pipes flowing less than gal. per min., only 
took more than bag cement, and the maximum any one pipe 
was bags. pipes leaking from gal. per min., the 
maximum quantity grout injected into any one pipe was bags 
cement, the minimum, bag, and the average, 4.3 bags. 
pipes leaking from gal. per min., the maximum quantity injected 
into any pipe was bags, the minimum bag, and the average 3.2 
bags. pipes leaking more than gal. per min., the maximum 
quantity injected into any one pipe was 198 bags, the minimum bags, 
and the average bags. 

Cut-off Walls—The method grouting originally contemplated 
called for the construction masonry cut-off walls built over 
the tunnel arch tight against the roof, intervals about ft. 
The purpose these walls was confine the flow grout and 
grout the space above the tunnel arch short stretches, the pressure 
the stretch grouted being raised gradually until the maximum 
required pressure 300 lb. per sq. in. was reached. was expected 
that the high pressures would force the grout into the seams the 
surrounding rock. The cut-off walls were constructed that 
they would retain grout under the maximum pressure. 
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Grout placed by low pressure 


GROUTING CITY TUNNEL BETWEEN SHAFTS AND 


GENERAL DESCRIPTION 


The operation grouting the tunnel was divided into two 
distinct stages: Low pressure grouting and high pressure 
grouting. The object the former was primarily fill the space 
the top the arch left the shrinking the concrete away 
from the rock and fill openings joints and honeycombed 
places. The object the latter was fill open seams the rock 
surrounding the tunnel and all pipes and pans placed control 


water seeping into the tunnel. 


LOW PRESSURE GROUTING 


Each unit consisted grouting car equipped with two grout 
tanks, one cement car, two platforms wheels, six flat cars, two 
electric storage tractors and three shifts men. Air pres- 
sure 100 per sq. in. the shaft compressor was used the 

Only pipes located the key portion the arch were con- 
nected low pressure grouting. 

The grout hose was connected pipes situated points where 
the rock roof was low; pipes points acted vents. 
grout flowed along the top the arch, first water appeared 
through joints between successive days’ work and from grout pipes 
embedded the arch; this water was followed grout which 
became thicker and thicker and finally clogged all leaking joints. 
All pipes running grout were stopped with wooden plugs and the 


valves key pipes were closed. 


pipe 


Tin drip pan nailed 
wooden plugs and edges 
with 


& Pibes venting 
Srout plugged 


Air main 


SECTION 


low pressure work the hose was connected directly valves 
key pipes instead the Y-branches shown. Grout was 
forced ahead 100 300 ft. before the machine was moved the 
end the grouted portion. The standard low pressure batch was 
bag cement, Ib. sand and about gal. water. This 
batch made 2.04 cu. ft. liquid grout 1.92 cu. ft. set grout. 


HIGH PRESSURE GROUTING 


Twenty-four hours after any section tunnel had been grouted 
low pressure, all pipes which were connected were 
cleaned out rock allow effective treatment high pressure 
grouting. 

Each unit consisted one grouting car equipped with one 
grout tank and one booster compressor, one cement car, two plat- 
forms wheels, three flat cars and two electric storage tractors 
and generally one shift men. Air was delivered from the shaft 
compressor the booster compressor, which raised the 
pressure Ib. 

High pressure grouting was accomplished generally one trip 
over the section tunnel. The grout hose was connected the 
the purpose freeing passage for the grout which often became 
jammed the pipes the high pressure. 

All grout pipes that were connected had grout forced into 
them 300 pressure, which was maintained for minutes. 
The standard high pressure batch was bag cement and 
gal. water, which made 1.24 cu. ft. liquid grout 1.2 


set grout. 


FIG. GROUTING PRESSURE TUNNEL 
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the beginning efforts were made build these cut-off walls, 
but, after some experience, was found impracticable make 
them tight against the high pressures. Aside from this consideration, 
there serious objection the case wet stretches dividing the 
arch into short sections and once applying high-pressure grout. 
the ground-water confined, the head builds up, and the application 
high-pressure air the liquid grout over the arch, the ground-water 
will force outlet into the tunnel through the transverse construction 
joints the arch. Efforts stop such leaks drilling holes the 
concrete lining and rock and subsequent grouting generally 
unsuccessful. 

After the originally contemplated method building the cut-off walls 
was abandoned, attempt was made build grout cut-off walls and 
grout three stages, follows: connection was 
made pipe set low spot the roof profile, and grout was 
flowed from adjacent pipe the upper end which was higher 
elevation. Another low spot the roof, about 100 ft. distant, 
was then grouted, and the process was continued throughout stretch 
tunnel. any weepers showed grout during this stage, they were 
plugged, and the holes were reopened about hours later cleaning 
out the pipes with rod. Subsequently, connection was made these 
holes for high-pressure grouting. 

After the grout cut-off walls had set up, the second stage consisted 
grouting the sections between the cut-off walls, starting with pres- 
sure 100 and raising 300 Ib. in. The high vent pipes 
were then opened and the water that had accumulated was allowed 
run off. After stretch tunnel had been grouted this manner, 
all the valves the ends the pipes were opened, all plugs removed, 
and all pipes which were open and flowed water, were grouted under 
pressure 300 lb. After this method grouting had been tried, 
was found that more than 70% the total quantity grout placed 
was used for forming the cut-off walls. There was therefore little 
advantage this scheme, and was abandoned, and the method 
grouting the entire space above the arch one operation without 
the use cut-off walls already described, was adopted. 

fair degree success was attained the use cut-offs 
stretch the Rondout Tunnel, where the shrinkage space between the 
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concrete the arch and the rock the roof the end each section 
arch was packed tight with mortar. The method grouting was 
fill the space above section the arch with 1:1 grout pressure 
about lb. per sq. in. and, after this space was filled, continue 
forcing neat cement grout through the same connection until the hole 
refused take grout 300-lb. pressure. High vent pipes the same 
section arch were then grouted under pressure 300 Ib. per sq. in. 
The conditions the stretch where this method was used were very 
favorable, the arch being practically dry and the breakage the roof 

“regular. Not all the cut-offs proved tight, however, and the 
grout was not confined all cases. interesting test, showing the 
reduction tank pressure, was made during the grouting this 
stretch. With air pressure 300 lb. per sq. in. the grouting 
tank, gauge distance ft. from the pipe connected to, 
registered pressure 160 lb. per sq. in., the 1:1 grout over the top 
the arch having been place less than hours. 

stretches tunnel where dry packing was used above the arch 
continuously for several hundred feet, cut-off walls were built 
intervals from 100 ft. avoid the flow grout for very long 
distances, and prevent the separation the sand and the cement. 
Brick cut-off walls were built connection with the grouting the 
wet stretch the incline north Shaft Rondout Tunnel. The 
grouting this stretch described detail later. 

Drip-Pans vs. Deep-Seated may difference 
opinion the best method treatment taking care incoming 
water and subsequent grouting where the leakage into the tunnel ex- 
tends over considerable area. Although numerous cases deep 
holes were drilled into the water-bearing seams collect the water, 
was not the general practice drill extensive number such holes 
where large wet areas were encountered. The use drip-pans, 
all the open seams are exposed directly the action the 
grout, believed the best method treatment such cases. 
either method, penetration the grout probably very slight 
the case small openings the rock. 

two cases where excessively wet stretches tunnel were en- 
countered, namely, Rondout Tunnel, north Shaft and the City 
Aqueduct Tunnel, near Shaft 24, light steel shells consisting ribs and 
plates were used protect the concrete during placing. (See Fig. 5.) 
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The space between the shell and the rock was dry packed and subse- 
quently grouted. addition, holes were drilled directly into the seams 
and grouted. Very successful results were obtained the methods 
adopted these two stretches. There were other places where deep 
holes were drilled wet ground and grout forced the rock with very 
good results. Where conditions are favorable, that is, porous and 
broken-up rock with open and distinct seams, permitting the free cir- 
culation the grout, deep-seated pipes are undoubtedly effective 
grouting the rock. sufficient number deep holes should 
drilled, however, intersect many seams possible. 

For short distance south Shaft the City Tunnel, prac- 
tically the whole face the rock was dripping water. avoid 
covering the entire area with drip-pans, parallel strips pans about 
ft. wide and few feet apart were placed around the upper half 
the tunnel. was thought that the water would find less resistance 
traveling through few feet fissured rock than through the newly 
placed concrete lining. This proved the case, all the water 
came through the grout pipes connected with the pans. Through 
these same pipes the tunnel was grouted very successfully. 

test the efficacy the grouting the rock means deep- 
seated pipes, test holes were drilled through the concrete lining the 
Rondout Tunnel and into the rock the very wet stretch. With one 
exception, the holes showed slight seepage, indicating that the grout 
kad filled the water-bearing seams adjacent the tunnel. one hole, 
however, drilled about ft. into the rock the invert, flow gal. 
per min. was struck, although 133 bags cement had been forced into 
hole about ft. away during the original high-pressure grouting. 
This test shows that the character the rock, the nature and size 
the openings, and other conditions must carefully studied locating 
the holes for grouting. Another requisite for success grouting the 
deep-seated pipes the use thin grout. also important inject 
the grout continuously, that the ground-water pressure will not force 
back into the pipe hole. 

Deep holes drilled into very fine seams will ordinarily clog the seam 
with drill chips, making impossible force much grout into such 
seams. Experience showed that not more than one pipe ten would 
permit the grouting fine seams. Deep holes are preferable shallow 
holes, the former are more apt intersect water-bearing seams and 
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take more grout. deep-seated pipes are used along large water- 
bearing seam, they should placed generally not more than ft. 
apart; the seams where exposed should raked out clear them 
loose chips rock, and the edges should caulked with oakum 
covered drip-pan before placing the The difficulty 
adjusting the consistency the grout, where large and small seams 
occur, has been referred to. Wide seams require thick grout, while 
fine seams are once blocked without filling, unless the thinnest grout 
used. 

Time question the time allowed between 
the placing the concrete lining and the application high-pressure 
grout was given careful consideration, particularly where the tank 
grouting pressure might transmitted over considerable area. 
was stipulated the specifications that grouting under pressure would 
not generally ordered any place until three months after placing 
the concrete lining that place. This rule was generally followed, 
although there were cases where grouting under 300 lb. pressure was 
done within month after the placing the concrete without injury 
the lining. There were two three cases where the lining ruptured 
the time grouting, but the breaks were not due the lack age 
the case cracking occurred the top the arch. 

Other considerations controlling the time grouting are the 
shrinkage and the imperviousness the concrete. Tests show that, 
the age month, concrete has developed 80% its months’ 
strength and has acquired the greater part its imperviousness. 
would seem, therefore, that grouting under ordinary conditions can 
safely done one month after the placing the concrete lining. 

Cracks the Concrete has been made the 
opening the transverse joints between adjacent sections the arch 
and side-walls, due the contraction the concrete. Irregular trans- 
verse shrinkage cracks developed between the construction joints, 
even the and 40-ft. lengths arch and side-wall. The cracks 
were mostly the arch, but were quite common also the side-wall. 
This cracking due the contraction the concrete cooling from 
temperature 100 160° Fahr. during setting, the normal 
temperature the tunnel which summer was not much above 60° 
and the winter sometimes fell below 32° Fahr. near shaft. 
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The frequency the intermediate cracks the lining was affected 
the time year the concrete was placed. the City Tunnel, for 
example, was found that there were more cracks the concrete 
placed during the warm summer months than that placed during 
the winter. The richness the concrete also may have influenced 
the cracking. There was some inward leakage through 
mediate cracks the lining after the grouting the tunnel was 
completed and the ground-water pressure had accumulated. Most 
these leaks, however, silted after some interval. 

There were only two cases where the lining cracked during the 
high-pressure grouting. the Moodna Tunnel, several breaks 
developed one stretch the side-wall concrete, the cracks extending 
places into the invert concrete. Examination showed that the 
breaks this stretch resulted from defective work connection with 
the placing the concrete lining, the defects being due principally 
inadequate measures for taking care the inflowing water which 
accumulated behind the forms, resulting the formation laitance 
and weakening the concrete. grouting the Hudson Tunnel, 
several cracks developed the lining under grouting pressure 
600 lb. per sq. in. cutting out the concrete one the cracks, 
where large drip-pan had, been used, was found that soft deposit 
had formed between the pan and the rock, that had been impos- 
sible fill this space effectively with grout. 

Leakage Through Construction Joints—In wet stretches some 
difficulty was experienced cutting off the leakage water into the 
tunnel through the transverse joints the arch. These joints opened 
up, due the contraction the concrete caused the drop tem- 
perature from the time setting the time grouting. 
drilled into the joints through the and grouted proved in- 
effective, the running water would wash out the grout. 

Various schemes were tried make the transverse joints tight, 
among which were the following: Grouting grooves were formed the 
each arch section, either embedding slit rubber hose the 
concrete nailing strip sheet iron over recess left 
the joint. These grooves were grouted through pipes set the con- 
crete. The results were not entirely successful cutting off the 
leakage. results were obtained the use steel plates em- 
bedded the arch joints, the purpose the plates being provide 
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water-stop well retain the grout. These schemes were used 
only very limited extent the beginning the work, and, later, 
were abandoned. 

Very good results were obtained closing wet transverse joints 
hand-caulking them. Grooves about in. deep were cut along the 
joint and lead wire was hammered in. This method proved quite 
effective making the joints tight. 

The longitudinal joints between the invert and side-walls were 
found tight. the joint between the side-walls and the arch 
some leakage occurred the wet places. There was also some inward 
leakage places the longitudinal joints the arch. The greater 
part this leakage was due porous concrete the vicinity the 
joint, where relatively dry concrete had used, and part may 
have been the result slight opening the joints due the lateral 
contraction the concrete. 

Inspection Grout order see how effective the 
grout was filling void spaces back the concrete lining, test holes 
were cut the arch concrete several places the pressure tunnels. 
Blocks concrete about ft. square were cut out the arch, exposing 
the rock the roof. was found that the space between the top 
the arch concrete and the rock was well filled with grout, and tests 
showed the grout filling dense and hard. somewhat dry 
consistency used for the concrete the top the arch, this con- 
crete when placed likely porous places; the concrete cut 
out the test holes, the grout was found fill the voids this 
concrete, and the entire block was dense and uniform mass that was 
solid contact with the rock. Test holes were also cut from the 
lining the Rondout Pressure Tunnel where grout was used fill 
the shrinkage space the top the concrete lining placed inside 
steel reinforcing shell. Here, also, excellent filling was found 
between the concrete and the steel. 

Several opportunities were also afforded observe the results 
the grouting during the progress the work. grouting the wet 
seam the Hudson River Tunnel near the East Shaft, already referred 
to, the seam, stated, was found well filled with grout when 
exposed the excavation. sinking the wet shaft, known 
Shaft the Rondout Pressure Tunnel, grouting was resorted to, 
the shaft was deepened cut off the inward leakage, and the sub- 
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sequent excavation through the grouted zone showed the seams the 
rock well filled with grout. The grouting this shaft 
subsequently more detail. 

Shafts and the City Tunnel, where the wet portions 
were grouted the shafts were sunk, subsequent excavation showed 
that all but the very fine seams were completely filled with grout. 

Reduction Inward Leakage After Grouting—An idea the 
effectiveness the concrete lining and the grouting cutting off 
leakage into the pressure tunnels given the data Table 


TABLE Pressure TUNNELS. 


LEAKAGE INTO TUNNEL. 
GALLONS PER MINUTE. 


Pressure Tunnel, 
Before After 
grouting. grouting. 
Rondout, wet stretch north Shaft 4............. 350 850 
Rondout (exclusive above wet stretch)......... 610 290 


City (exclusive above wet stretch).............. 810 973 127 


Hydrostatic Tests Pressure Tunnels.—After the pressure tunnels 
and shafts were completed, they were filled with water order test 
their tightness. The tests some cases were unusually severe, the 
full ground-water head had not been restored the time the test was 
made. the Rondout Pressure Tunnel, the maximum unbalanced 
head the beginning the first hydrostatic test was approximately 
500 ft. After the tests, the tunnels were unwatered for inspection 
and repairs, and the results were found very satisfactory, the 
tunnels proving remarkably tight. 

Only four places, the miles pressure tunnel, aggregating 
length about did any weakness develop, due the yielding 
the surrounding rock, causing rupture the lining and outward 
leakage and making subsequent repairs necessary. these cases, 
would have been impossible reveal fully advance the geological 
conditions, particularly where the rock appeared sound when the 
tunnel was excavated, and believed that amount grouting 
prior the application the test pressure would have been adequate 
consolidate the ground sufficiently the yielding the 
rock. The cost testing the tunnels and making the necessary 
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repairs was very much less than would have been make the 


tunnels absolutely secure the use steel reinforcement the 
concrete lining for their entire length. 


GROUTING. 


Air-Stirring Grout grouting machines the Canniff 
type were used almost exclusively for grouting. These machines are 
very simple construction and operation, consisting essentially 
tight cylinder provided with suitable pipe connections for introducing 
compressed air and for mixing and ejecting the grout. The tanks are 
very compact, weigh about 500 lb. when empty, and have moving 
parts wear out and replaced. They are, therefore, particularly 
well suited for tunnel work. Both thick and thin mixtures can 
used them, and they are equally well adapted for high and low- 
pressure work. They are very efficient where large quantities grout 
have placed. 

slight disadvantage the Canniff tank found when grouting 
fine seams under high pressure, placing small quantities 1:1 
grout. the process necessarily slow there tendency for the 
cement, but more particularly the sand, settle the bottom the 


‘tank and clog the openings. The use very thin grout usually over- 


comes the difficulty. 


rule, two grouting tanks were operated simultaneously 
grouting the tunnel, one being charged while the other was discharging. 
For high pressure work, however, was the usual practice use only 
tank. The two tanks were mounted either alone low flat car, 
one end platform car which was large enough hold, 
addition, from bags sand and cement. some cases, 
upper platform was also provided for materials. The materials were 
hauled through the tunnel mules motor trucks. The water for 
mixing was measured either pails, automatically tank placed 
the side above the grout tanks. High-pressure armored hose 
about ft. long was used for grouting purposes. The plant used 
for grouting the work the lower end the City Tunnel. 
shown Fig. 

Operation Grout usual method operation during 
low-pressure grouting, was first put into the tank the required 
quantity water, then let the air into the tank the bottom, 
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which agitated the water, and then the cement and sand were put into 
the tank and stirred with wooden paddle, was found 
that the air was too slow for mixing and was also wasteful. When 
thoroughly mixed, the door the top the tank was closed, the air 
was then admitted the top, and the liquid grout forced out through 
the grout hose into the pipe connected to. The air was then turned 
off quickly. 

Unless care taken close the air discharge valve the instant the 
last the grout leaves the tank, after-blast air follows the 
grout, resulting stirring and causing separation the ma- 
terials, and also tending form air pockets the space grouted. The 
men operating the tanks, however, soon became skilled controlling 
the discharge. added precaution, the air-pressure gauge the 
grout tank was watched closely note the fall pressure the grout 
discharged, and the emptying the tank was also indicated the 
“kick” the grout hose when the charge left it. 

some cases the following scheme was tried. The air valve was 
closed the batch grout started leave the tank, permitting the air 
the tank expand and force the grout through the hose. This 
method, however, was slow and was not generally used. Where the 
grout displaced water, the ejection the grout expanding the air 
the tank was quite effective cutting down the after-blast air. 
The tanks could operated very rapidly. much 1500 batches 
1:1 grout, equivalent about 115 cu. yd., were placed hours, 
using two tanks. This process involved the handling about 135 tons 
cement and sand the hours. 

High-Pressure Air air for operating the grout 
tanks was obtained connecting the air line laid the tunnel, 
the air pressure the line being usually from 100 lb. order 
provide the pressures required for high-pressure grouting, 
Westinghouse direct-acting single-stage air compressors, known 
were generally used. These compressors, mounted the 
same car with the grout tanks, took suction from the main air line and 
delivered air the tanks pressure 300 lb. per sq. in. The 
compressors weigh about 500 They are provided with air gauges 
registering 450 Ib. per sq. in. spring relief valve, capable 
being set any pressure 400 placed the main discharge. 
Each branch the 2-way discharge supplied with stop valve, 
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check valve and air emergency stop valve, that may closed 
automatically sudden release pressure due the bursting 
hose any other reason. 

Independent Air-Generating Plant grouting 
the tunnel necessitated the maintenance and operation the large 
compressor plant used for tunnel driving and the re-laying the air 
pipe line the tunnel, which had been taken during the placing 
the lining. order avoid the use the expensive main air 
plant some the contractors used small independent portable com- 
pressors the tunnel, driven gasoline electricity, and mounted 
cars traveling along with the other equipment. These compressors 
were used both for the low and high-pressure grouting. 

the work the northern portion the City Tunnel, low- 
pressure grouting was carried with three rigs, each consisting 
the following equipment: One 30-h. electric motor; one Ingersoll- 
Rand 2-stage, belt-driven air compressor, capable delivering 170 
cu. ft. free air per min. 100 lb. pressure and 130 ft. 350 
one geared pump, with capacity gal. per min. driven 74-h. 
electric motor; two grout tanks, two water tanks, platform car for 
making connections the grout pipes, and platform mounted 
two flat cars for the cement and sand. For high-pressure grouting 


_the same rig was used, the compressor being adjusted deliver air 


300 per sq. in. 


Grouting Air and Water Pump.—In the Hudson Tunnel, where 
was necessary use grouting pressures 700 per sq. in., com- 
bination air and water-pressure pump was devised. Canniff tank 
was partly filled with grout which was placed under pressure 
about 300 lb. Westinghouse booster connected usual with the 
tank. Water was then pumped into the tank through another con- 
nection high-pressure Cameron pump, reducing the volume air 
above the grout raise the pressure 700 lb. per sq. in., 
desired. The discharge valve the tank was then opened, and the 
pump was kept going order maintain the pressure while the grout 
flowed slowly into the space back the lining. This arrangement 
worked very successfully. The advantage pump with steady 


flow lies the fact that there after-blast air forced through 
the grout. 
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Paddle Mixing Machines.—In few cases, paddle mixing machines 
which mix the grout mechanically instead were used. The 
results obtained these machines are good when they are new, but 
the moving parts and the stuffing boxes soon give trouble account 
wear. The bad feature both the air-stirring grout tanks and the 
paddle the blast air which follows the discharge 
grout. already noted, very important control the 
charge air grouting order secure good results. 
Grouting specifications called for the use grouting 
for forcing grout into any porous concrete the lining. These 
pads consisted steel casting measuring about ft. ft. 
containing rubber gasket, and mounted the end 5-in. extra 
heavy wrought-iron pipe. using the grout pad, was jacked 
against the porous spot the lining screw-jacks the other end 
the column, and the grout was then forced into the pad im- 
pregnate the concrete. These pads were not successful, they were 
clumsy handle, the area covered the pad was too small for 
cffective work, and the gaskets would blow out. After few attempts, 
their use was given up. 
Only few porous spots occurred the concrete lining through 
which grout leaked during low-pressure grouting, and was found 
that the most effective method treatment was wedge board 
faced with oakum against the porous spot. The flow grout soon 
stopped and the opening closed up. 


Grouting Wet Stretch, Rondout Tunnel.—This pressure tunnel, 
4.4 miles long, was construced from eight shafts, varying depth 
from 370 708 ft. The shafts and tunnel penetrated eight distinct 
formations, including shales, limestones, and quartz conglomerate. 
Several stretches faulted zones and crushed rock were encountered 
the excavation. Some strata were dry; others were very porous 
and water-bearing. 

already described, the tunnel north Shaft was driven 
15% grade through badly faulted and folded stretch High Falls 
shale and Binnewater sandstone. The rock was porous and water- 
bearing, the inflow stretch 350 ft. being approximately 

gal. per min. the time the tunnel was driven. The flow gradually 


q 
4 


diminished until was somewhat less than 1000 gal. per min. the 
time the lining was placed. The tunnel this location about 450 ft. 
below the surface the ground. attempt shut off the inflowing 
water grouting the time driving has been described. 

would have been difficult take care the water means 
drip-pans during the placing the lining, poured into the 
tunnel over large areas. The plan adopted protect the concrete 
during placing was enlarge the excavation through the wet stretch 
order permit the erection light steel shell (see Fig. 5), inside 
which concrete lining, in. thick, was placed. The shell was 
175 ft. long, and consisted circular ribs 7-in., I-beams set ft. 
center center along the tunnel, with plates bolted the outside 
the ribs. The space between the shell and the rock, which averaged 
about in., was packed solid with broken stone and subsequently 
grouted. 

Most the water entering the tunnel this stretch was intercepted 
6-in. lateral pipes draining into 8-in., spiral-riveted drain laid 
longitudinally along the bottom the tunnel. This drain discharged 
through 8-in. valve into sump foot the wet stretch. 
Water was also collected through holes drilled into the rock seams 
depths from ft., into which 2-in. deep-seated pipes were set, 
which extended through the dry packing and the steel shell and 
drained into the tunnel. Pipes were also placed through holes the 
shell reach the dry-packed space for the purpose grouting the 
packing behind the shell. 

The concrete invert, which averaged about ft. thickness, was 
laid first the floor the tunnel over the 8-in. drain. The invert 
was placed short stretches, and ft. length, with tight wooden 
bulkheads and forms. leakage the bottom was taken care 
pans and broken stone drains covered with cement bags. The placing 
the invert was very difficult account the heavy flow water 
from the bottom and sides the tunnel. After the invert was placed, 
the steel shell was erected and the space between the shell and the rock 
was dry-packed the same time. The lining was then placed inside 
the shell without any trouble. 

Preliminary grouting this stretch, tight brick cut-off walls were 
built between the shell and the roof each end the shell. When 
grouting was started, the valve the lower end the 8-in. drain was 
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closed and the valves all the pipes leading into the dry packing were 
also closed. The dry-packed space was quickly filled, forming pond 
still water, into which neat cement grout was injected. 
ments previously made showed that the materials sand grout might 
separate forced under water. The deep-seated pipes and few 
pipes the top the shell were left open prevent accumulation 
pressure. 

Grouting the dry packing was begun the lower end the shell. 
battery four Canniff grout tanks was used, the grouting both 
sides the tunnel being carried simultaneously. The space behind 
the shell filled gradually, the level the grout being indicated 
opening pipes various levels. few the deep-seated pipes flowed 
grout during this operation. They were closed, but were re-opened about 
hours later and rodded out, after which they again flowed clear water, 
but somewhat diminished volume. the whole section the inward 
leakage was reduced from 850 540 gal. per min. after grouting the 
dry packing, showing that the seams had been partly closed. The grout 
was injected into the dry-packed space, generally under low pressure, 
without causing undue agitation. The final grouting was done under 
pressure lb. per sq. in. the top the shell. total 
batches neat grout (1.2 cu. ft. per batch) was forced into the dry 
packing, requiring ten shifts. 

After the grout had set few days, pipes through 
which several hundred gallons water per minute issued into the tunnel, 
were grouted, beginning the bottom the shell and working up. 
During this process, varying consistencies grout were used, the 
thinnest being bag cement (about lb.) gal. water. After 
applying air pressure clean out rock seam, the thinnest grout was 
used first. considerable quantity, batches, went into the 
rock under comparatively low pressure (100 lb., less), the was 


quantity this grout was injected, the mix was again thickened, this 
process being continued until the tank pressure necessary for injection 
began rise, when the mix was thinned slightly, and grouting con- 
tinued until the pipe refused under 300 pressure. The pipe was 
then drained out and plugged with thick neat cement grout under 


300 pressure. The maximum number batches injected into pipe 
was 533. 
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The grouting reduced the leakage the incline from 850 gal. 
per min., and although the level the water the rock reservoir, 
gauge readings, rose gradually after the completion the 
grouting until the original ground-water level had been restored, there 
was marked increase the quantity water entering the tunnel. 
Test holes drilled through the concrete lining and shell and into the 
rock showed that the rock surrounding the tunnel was impregnated 
with grout considerable depth. The success the grouting this 
location was due the use the deep-seated pipes, and, more particu- 
larly, the method adopted whereby the section outside 
the lining and shell permitted the grout come direct contact 
with the surface the porous rock. 

Grouting Large Mud Seams, Rondout driving the 
tunnel through the Helderberg limestone south Shaft Rondout 
Tunnel, crushed and faulted zone containing number large 
solution cavities filled with residual clay was encountered. The two 
widest seams were vertical and cut diagonally across the tunnel 
angle about 45° the tunnel axis. These two seams were and 
ft. wide one side the tunnel, but much narrower the other 
side. They were filled with clay and disintegrated rock and, while 
excavating the tunnel, were lagged with steel channels supported 
steel beams and timbering. The lining the seams was strengthened 
embedding steel shells, in. thick and and ft. length, 
the each seam. addition reinforcing the lining, these 
shells also serve prevent outward leakage from the tunnel. 

this stretch, horizontal seam about ft. thick also was 
encountered, the bottom the seam lying about ft. above the 
finished waterway. The mud layer was removed and the space above the 
waterway, about ft. high, was subsequently filled with concrete. 
Above the horizontal mud seam was opening which were three 
rows narrow vertical pockets, extending diagonally across the tunnel. 
These pockets were from ft. wide and ran from few feet 
ft. above the roof the tunnel. Concrete was placed the top 
the general roof excavation and the space above, including the narrow 
pockets, was filled with grout through pipes set the concrete. total 
approximately batches 1:1 grout was placed this stretch, 
requiring days three shifts each. 


4 
4 
‘ 
| 


GROUTING OPERATIONS, CATSKILL WATER 


Rupture Lining and Repair Work, Rondout the 
completion the tunnel and shafts, they were filled with water for 
test.. Excessive leakage developed the Rondout Tunnel 
and, after unwatering it, examination showed that the lining was 
cracked three stretches aggregating length about 700 ft. The 
upper half the tunnel section appeared lifted from the lower 
portion, water issuing large quantities through the joint the 
springing line and through other diagonal cracks the lining. 

determine whether the lining had ruptured account unfilled 
places over the top the arch, test hole was cut, and several holes 
were drilled through the concrete the rock the roof. The space 
was found completely filled with grout, which was intact and 
close contact with the rock. The rupture the lining was due 
the movement the rock outside the tunnel resulting from 
the application hydrostatic pressure. 

The tunnel was reinforced through the ruptured stretches steel 
lining built rings segments 15-in. channels. 
2-in. annular space was left between the steel and the existing 
concrete lining. Preparatory placing the steel, the cracks through 
which water issued were caulked with lead, thereby forcing the water 
into pipes drilled through the lining into the rock seams. 

The space between the steel shell and the old concrete lining was 
first grouted. Every twelfth ring steel had eight holes placed equally 
around the tapped and plugged for grouting. 1:1 
grout was used under pressure lb. per sq. in. After this grout 
had set for one week, the deep-seated pipes leading the wet seams 
were grouted. Very thin grout, bag gal. water, was forced 
until the hole refused 300 lb. pressure. The thin grout was then 
drained out the pipe, which was sealed with thick batch. total 
bags cement was injected through pipes. The leakage 
this section before repairs were started amounted about 400 gal. per 
min. After all the concrete was placed and all the grouting was finally 
completed, was reduced gal. per min. 

protect the steel shell against rusting, and provide smooth 
waterway, concrete lining, averaging in. thickness, was placed 
inside the steel shell. fill the space above the arch, grout and 


vent pipe were placed each pocket formed the projecting flanges 


the channels. thick 1:1 mixture was used for the grouting, the 


| 
3 


OPERATIONS, CATSKILL WATER SUPPLY 


7.—BROKEN TUNNEL LINING, RONDOUT PRESSURE TUNNEL. CRACKS DUE 
YIELDING Rock. LEAKAGE REDUCED FROM 400 GAL. PER MIN. GROUTING, 


Fic. 8.—STEEL INTERLINING THROUGH DECOMPOSED CITY TUNNEL, 
UNDER 106TH LINING CONSOLIDATED GROUTING. 
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grout being placed Douglas hand pump. After this grout had 
set, and the surplus water was allowed drain off, second grouting 
was done with neat cement, completely filling the space between the 
lining and the steel shell. 

Wallkill Pressure tunnel crosses the Wallkill Valley 
for distance miles, average depth below the ground sur- 
face 350 450 ft. The rock penetrated was the Hudson River 
shale formation, and was generally sound and dry. For the greater 
length, the rock was rather fine-grained shale with some beds hard 
sandstone; for about mile the south end the tunnel, was 
mainly sandstone very heavy beds. The dip the rock for the 
greater length the tunnel averaged about 45°, striking angle 
about 30° with the tunnel line. the end, the bedding was 
vertical and right angles with the tunnel axis; while for con- 
siderable distance the south end the beds were horizontal, causing 
high breakage above the roof. 

The inward leakage when the tunnel was driven amounted 
approximately 500 gal. per min. the tunnel and 180 gal. per min. 
from the shafts. Although great concentrated flows water 
were met, certain stretches were water-bearing over large areas and 
the rock was extensively covered pans catch the water. Eight 
stretches 1000 ft. length yielded inward flow more than 
gal. per min. before grouting. The maximum inward leakage 
ground-water was gal. per min. for 1000 ft. tunnel. 

many places the water entered fine sheets under head between 
the layers shale. was found practically impossible force 
quantity grout into this rock the fine openings 
between the thin layers. The wet areas were covered drip-pans 
and grouted under high pressure with neat cement grout filling 
the pans solidly full, sealing the fine openings, and effectively cutting 
off the water. 

interesting movement the flow water the rock during 
grouting occurred between Shafts and The total leakage this 
stretch just prior starting grouting was 125 gal. per min. There 
was little diminution the leakage after the low-pressure grouting, 
and was not until the high-pressure grouting plant had traveled 
distance about 3000 ft. south from Shaft within about 
ft. Shaft that any marked change the inflow occurred. 
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two days grouting, the leakage this stretch dropped gal. 
per min. 

Evidently, the water length 3000 ft. tunnel, south 
Shaft was forced ahead during the high-pressure grouting, finding 
outlet through grout pipes the arch south the grouting ma- 
chine. There was soft seam plane movement above the roof 
the tunnel this stretch, running nearly parallel with the tunnel, 
and apparently the water was forced through this seam during the 
grouting. the completion the grouting, the leakage this 
stretch was reduced gal. per min. 

Moodna Pressure Tunnel.—This tunnel 4.8 miles long, and from 
300 400 ft. below the surface the ground, the maximum depth 
the hydraulic gradient being about 600 ft. The tunnel pene- 
trated Hudson River shale for about 60% the distance and granitic 
gneiss for the remainder the length. The shale was generally soft, 
although there were many layers hard sandstone; the rock was 
much disturbed and without uniformity attitude. The gneiss was 
kard and sound, but intersected every direction joint planes 
result the disturbance due great overthrust fault which 
extends for many miles along the contact between the gneiss and the 
Hudson River shale formations. 

The inward leakage for the entire tunnel, including the shafts, 
was 640 gal. per min. when the excavation was completed. The shale 
was wetter than the gneiss, but there were large concentrated flows 
anywhere. Very few holes were drilled for deep-seated pipes, prac- 
tically well defined water-bearing seams were encountered. the 
shale, drip-pan was placed about every ft. tunnel. 

The rock throughout was generally firm and only the length 
the tunnel required roof support. Although several zones ex- 
tensive rock movement were penetrated, there were large open- 
ings inflows these places, and special treatment was 
required only one case, where badly crushed and unstable ground 
was encountered beneath the surface valley known Pagenstecher 
Gorge. 


this stretch, flow about 100 gal. per min. was struck when 


heading was first excavated. The ,water issued from crevice 


in. wide, marking plane movement and solution the gneiss. 
The adjacent rock was crushed and disintegrated, and required 
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steel roof support for distance ft. along the tunnel. Following 

the water from the crevice, the leakage gradually dimin- 
ished, the underground was exhausted, until was less 
than gal. per min. 

The rock broke very high and wide this place, and, making 
arrangements for grouting, long grout pipes were set reach the top 
and sides the cavity. The longest pipe extended ft. above the 
roof the tunnel. The dry packing between the steel support and 
the rock was first grouted, the operation being continued until the 
water-bearing crevice was filled. After the grout had settled and set, 
the long pipes were opened and drained, and any remaining spaces 
were filled with grout under pressure 300 lb. per sq. in. 

Repair Work Moodna Pressure Tunnel—The Moodna Tunnel 
the south end with the tunnel under the Hudson River 
shaft the west bank. Although the rock Moodna Tunnel ad- 
jacent the West Shaft was dense and solid when excavated, the 
application hydrostatic pressure, when the tunnel was tested, caused 
movement along the joint planes, with rupture the concrete lining 
both the West Shaft and stretch Moodna Tunnel adjacent 
the shaft. the joint planes the rock were closed and tight 
before the test pressure was applied, would have been impossible 
prevent the yielding the rock grouting, matter how 
thorough and extensive, prior the hydrostatic test. The cracks 
the lining through which considerable water issued were subsequently 
and the rock was grouted. Later, was decided, account 
the geological conditions which the test had revealed, abandon 
900 ft. the tunnel adjacent the West Shaft, and new tunnel 
was driven 400 ft. below the old one. further trouble was ex- 
perienced this location. 

Hudson Pressure tunnel, placed 1100 ft. below the 
river surface, penetrated sound Storm King granite throughout its 
entire length 3100 ft. Numerous black diabase dikes were found 
along the joint planes. The granite has shared with the entire High- 
land area and faulting movements which broke the 
rock into blocks separated joint planes. excavating the tunnel, 
scme water from the river entered through this system joints. 

The grouting wet seam near the East Shaft driving the 
turinel has been described. expectations, the leakage 
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water into the tunnel was not excessive, and was taken care 
the usual manner the use drip-pans and deep-seated pipes. The 
total inward leakage after the completion the lining and 
prior grouting was 160 gal. per min., the greater part occurring 
near the western portion the tunnel. 

already described, some trouble was experienced this tunnel 
account the cracking the concrete lining the side-walls, 
when the high grouting pressures, running 600 per sq. 
were applied. After the cracks were cut out, the lining was replaced 
and again grouted under lower pressure, and further trouble de- 
veloped. noted, soft deposit was found between one the 
drip-pans and the rock one the cracks which had been cut out, 
which probably prevented the filling the space with grout. Several 
unusually large drip-pans were used the and this 
may have been factor the cracking the lining, the very 
high grouting pressures were applied over large areas where the 
lining was not very thick. 

attempt was made shut off all inflowing water this tunnel 
grouting, and the pipes which flowed water were fitted with bronze 
check-valves. valves prevent the accumulation rock-water 
pressure the lining, when the tunnel empty, permitting the 
water flow freely into the tunnel, and also, closing tightly, 
prevent the loss water from the tunnel when service. 

The high pressures necessary for grouting this tunnel were ob- 
tained the use high-pressure pump which discharged the grout 
the grout tank pumping water into the tank. This tunnel proved 
remarkably tight when tested, and the loss water when 
service very little. 

Repairs Breakneck Pressure tunnel, 780 ft. long, 
extends from the East Shaft the Hudson Tunnel uptake 
shaft the north slope Breakneck Mountain. penetrated the 
same the Hudson Tunnel, and the rock was 
sound and dry. the portion adjacent the East Shaft, where 
the rock cover comparatively shallow, cracks developed 
tunnel lining, well the upper portion the East Shaft, when 
hydrostatic test was made, due yielding the rock along the 
joint planes. The lining was repaired about 
ft. deep through the concrete and into the rock, and injecting thin 
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grout under pressure. Most the holes took little grout, but there 
were few into which considerable quantity was forced. 

The grout was mixed the proportions lb. cement 
gal. water, and, some cases, even thinner. Water was used 
for washing out the seams and frequently permitted further grouting 
after hole appeared plugged. One hole, the vicinity 
fractured zone the rock, took batches grout containing 328 
bbl. cement. This hole was almost plugged several times, but was 
opened flushing with water. 

During grouting, the grout did not appear any the other 
holes the vicinity the pipe grouted, but was evidently forced 
some distance from the tunnel. Only four holes more than 
bbl. cement. total 556 bbl. cement was used grouting 
the tunnel and bbl. the East Shaft. The repairs were successful 
reducing the outward leakage small quantity. 

City Pressure Tunnel.—The City Tunnel forms the great distribu- 
tion main within the city limits. miles long, and located 
beneath the streets and parks the Boroughs The Bronx and 
Manhattan, extending from the Hill View Reservoir, just north 
the city line, two terminal shafts Brooklyn. The tunnel was 
constructed from shafts, varying depth from 218 757 ft. 

The tunnel was placed everywhere depth not less than 150 
ft. below the surface sound rock. The rock near the surface 
over the greater part the line, and more than half the length 
the tunnel little more than 200 ft. below the surface the ground. 
order secure the required depth sound rock cover over the 
tunnel under the Harlem and East Rivers, the tunnel was placed 
330 and 700 ft., respectively, below the surface. 

The formations penetrated the City Tunnel, namely, Yonkers 
and Fordham gneiss, Inwood limestone, Manhattan schist and Ra- 
venswood diorite, are generally sound and durable but were 
found many places disturbed folding and faulting, with 
extensive crushed zones. Intrusions pegmatite were frequently met. 
The underground waters circulating through channels formed 
mechanical fracture and solution have caused chemical changes 
many stretches, with resulting alteration and weakening the mineral 
constituents the rock. For the greater part its length, the 
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tunnel was driven approximately parallel with the strike the rock, 
the dip being generally nearly 

With the exception two three stretches, where heavy flows 
water were encountered, the rock throughout the length the 
tunnel was generally dry, and seeping water was taken care 
the methods used the other tunnels. account the location 
the City Tunnel, the heart the city, unusual precautions were 
taken handling the water and grouting, order reduce, far 
practicable, the loss water out the tunnel, was evident 
that excessive leakage would exceedingly troublesome and might 
the settlement buildings. 

Grouting under Harlem River, City tunnel under 
the Harlem River Valley penetrated Inwood limestone, white crys- 
talline marble, solid and dry for the greater part, but, for distance 
about 200 ft., blocky stretch with water-bearing seams was encount- 
ered, yielding flow about 200 gal. per min. number large 
crevices, several inches wide, extended above the roof and from the 
sides the tunnel. Grout pipes, some ft. long, were inserted 
these crevices. 

All the leaks the sides and roof the tunnel were panned, while, 
the bottom, where considerable water issued, broken stone drain 
covered pans was laid below the invert concrete. The inflowing 
water was drained longitudinal pipe the bottom. During the 
placing the invert concrete, the water was kept below the top the 
stone drain pumping through the longitudinal pipe and pumping was 
continued until the concrete had set. 

The grouting those portions the tunnel adjacent the wet 
stretch was completed before any leakage that stretch was cut off. 
Grout was first forced into the bottom drains and pans, the upper pipes 
being left open relieve the water pressure. Connections were made 
successively the pipes higher levels, until the crevices the roof 
were filled. The final grouting was done under pressure 300 
per sq. in., using thick cement grout. The grouting was very success- 
ful, thé inward leakage this stretch being reduced gal. per min. 

Grouting the Wet Stretch near Shaft 23, City wettest 
stretch City Tunnel was encountered near Shaft 23, where, 
crushed zone flow 600 gal. per min., issuing from 
one seam, was struck when the excavation was first made. This flow 
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had diminished 325 gal. per min. the time the concrete lining was 
placed. account the large flow, was decided use light 
steel shell protect the concrete, instead the customary drip-pans. 

The construction was similar that the Rondout Tunnel and 
center, which plates in. thick were placed. Each rib was made 
four segments, the bottom being embedded the invert concrete. 
Where the rock showed any leakage, the space between the steel shell 
and the rock was filled with dry packing, elsewhere the steel plates 
were omitted, and the concrete lining was placed directly against the 
rock. Dry packing was placed over about 60% the area the 
ft. tunnel which this special construction was used. 

The water the wet stretch was drained 10-in. tile pipe, laid 
with open joints the floor the tunnel and surrounded broken 
stone. Above the top the broken stone, corrugated sheet iron was 
placed, which the invert concrete was laid. The 10-in. tile drain 
had slope in. 100 ft. and discharged the water into sump 
the end the wet stretch. From the sump, the water was pumped 
into 8-in. discharge line the tunnel motor-driven centri- 
fugal pump. 

After all the other grouting the tunnel between Shafts and 
had been completed, that the wet stretch was begun first con- 
necting the pipes the bottom drain and then successively the 
pipes the higher levels, raising the grout maximum 150 
per sq. in. this means, most the grout was placed against 
back pressure per sq. in. less, the gauge registering finally 
lb. per sq. in. when the grouting plugged it. 

order prevent the accumulation ground-water pressure, all 
the pipes except those the invert were left open, were opened 
after the grout had set. After the deep-seated pipes were grouted under 
pressure 300 lb. per sq. in., all the pipes were opened and connected 
for high-pressure grouting. total 217 batches neat cement 
grout, consisting bag cement (95 lb.) and gal. water, was 
used for the high-pressure grouting this stretch. Very successful 
results were obtained cutting down the inward leakage which was 
reduced grouting per min. for the entire stretch 600 ft. 
tunnel between Shafts and 24. Inspection the tunnel after 
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hydrostatic test under operating head, showed cracking 
inward leakage this 

Repairs City Tunnel Between Shafts and 19.—The portion 
the City Tunnel underneath Broadway, the vicinity 23d Street, 
was excavated through fairly sound Manhattan schist, with inward 
leakage. When the tunnel was subjected hydrostatic test, some 
water appeared the surface Madison Square Park and some 
the cellars near-by. Although the outward leakage was not excessive, 
was decided make effort cut down the quantity much prac- 
ticable. unwatering the tunnel, was found that, due movement 
the surrounding rock, the construction joints the tunnel lining 
had opened and, addition, some the lining was cracked. Four 
stretches tunnel aggregating ft. length were affected. 

The method repair adopted was consolidate the rock surround- 
ing the tunnel grouting and, addition, line with sheet copper 
two stretches aggregating about ft. tunnel. large number 
holes, in. diameter, were drilled through the concrete lining and 
into the rock, the size the tunnel limiting the maximum depth the 
holes ft. the 350 ft. tunnel grouted, approximately 
000 lin. ft. holes were drilled. Pieces pipe, in. long, 
were fitted into these holes. 

Before grouting, grooves were cut the joints and cracks 
which water entered the tunnel and these joints were caulked with lead 
wire. The customary grouting equipment was used for this work, air 
lb. being furnished compressor the top the shaft. 
Higher pressures were obtained Westinghouse “boosters”. 

After connecting hole, grouting was continued, until the hole 
refused grout under 300 lb. pressure. Any leaks that developed during 
the grouting were located, and, after the grout had set, additional holes 
were drilled the place leakage. The process drilling and grout- 
ing section was continued until test holes, drilled ft. deep, did not 
leak take grout. The stretches which the lining was cracked 
were grouted three times, portion one being grouted five times. 

The mix ordinarily used consisted batches containing lb. 
cement gal. water. hole into which batches this con- 
sistency had been injected, continued grout freely, the mix was 
thickened lb. cement and gal. water; but the hole showed 
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tendency plug, the thin mix was again used. total 000 bags 
cement were used grouting the 1350 ft. tunnel. 

When the grouting was started, the inward leakage amounted 
gal. per min., practically all which was cut off grouting. The 
ground-water head against the lining during grouting, indicated 
gauges, was per sq. in. After the tunnel was again placed 
service, there was practically leakage the surface the ground. 


SHAFTS. 

connection with the construction the pressure tunnels the 
Catskill Aqueduct, fifty-five shafts were sunk. Some these are 
permanent, forming part the waterway; the others were sunk only 
expedite the tunnel excavation, and subsequently were closed 
concrete plugs. The shafts varied depth from 106 ft. maximum 
1187 ft., the average being about 400 ft. 

the case the tunnels, the shafts penetrated wide assort- 
ment rock. With few exceptions, however, great difficulties were 
experienced sinking them, the rock encountered was gen- 
erally sound and free from large quantities water. some the 
shafts where the inflow water was excessive, the rock seams were 
grouted during sinking order cut off reduce the flow. 
general, the water-bearing ground did not extend any great depth, 
but was found zones about ft. thick, that, after the wet 
portion the shaft was grouted and passed, further grouting was 
necessary the remainder the shaft. 

Shaft sinking slow and expensive when large quantities water 
have handled. The water collects the bottom, making trouble- 
some drill and muck the broken rock, thereby delaying the work. 
The maintenance and operation pumps also interferes with the exca- 
vation and increases the cost. The method grouting water-bearing 
seams shaft during excavation, cut off the inflowing water, has 
been used some extent, although the process has been more fully 
developed and applied during the last few years. 

The method usually adopted grouting wet zone drill 
number vertical holes the bottom the shaft, about ft. 
depth and located generally from ft. around the periphery 
the shaft. Short lengths pipe fitted with valves are set into the 
drill holes, and the drilling done through the valves which can 
quickly closed heavy flow water struck. 


4 
4 


GROUTING OPERATIONS, CATSKILL WATER 


After the holes have been drilled, grout forced into the rock 
seams through them, the usual grouting equipment. other 
grouting, thick grout best for filling large cavities, while thin 
the early stages the injection the grout, order make the 
cement carry far possible into the fine seams and avoid the 
plugging the seams close the drill hole. The matter adjusting 
the consistency the grout important insure success. After the 
grout has set up, and the water cut off, sinking resumed, using 
light shots avoid opening new fissures the rock. The method 
grouting outlined was used sinking through wet ground 
several the Catskill shafts. The sinking these cases would have 
been much more difficult, slower, and more expensive, had pumping 
alone been depended on. 

Shaft Rondout Pressure shaft, 500 ft. deep, was 
one the construction shafts for the Rondout Pressure Tunnel. 
was rectangular shape and was timbered was sunk. This was 
the wettest shaft the Catskill work, and the grouting the water- 
bearing strata’ encountered its excavation was very successful 
cutting down the inflow water, although pumping had carried 
continuously during the sinking additional wet seams were struck. 
detailed description the sinking this shaft has been given 

Preliminary exploration borings showed that the shaft would 
penetrate Binnewater sandstone and High Falls shale depth 
about 200 ft. The rock cores from these beds showed very porous 
condition, and pumping experiments indicated that the rocks were 
freely water-bearing. probable that considerable time would have 
been saved and expensive pumping eliminated during the sinking 
the shaft 4-in. holes had been drilled close together around the 
perimeter the shaft when the water-bearing strata were reached, 
and the rock thoroughly solidified injecting grout into the seams 
through these holes. The shaft could then have been excavated the 
dry. 

However, the drilling the large holes necessary insure the 
complete success the grouting under such method would have been 
slow and expensive procedure, and experience the time did not 
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recommend the best method meeting the situation. The 
handling water pumping was familiar the shaft sinkers who 
kept drilling and mucking until stopped excess water, even 
though the shaft was flooded several times before the grouting was 
done. 

The shaft was dry until depth 215 ft. was reached, when the 
water-bearing Binnewater sandstone was encountered. depth 
260 ft., the flow had increased 225 gal. per min. While drilling 
the next round holes, one the holes struck such strong flow that 
the men had leave hurriedly, and the shaft was flooded within 
ft. the top. The maximum flow water entering through the drill 
holes the bottom was estimated approximately 600 gal. per min. 

After long delay, the shaft was pumped out, and the hole the 
bottom was plugged with 2-in. nipple and gate-valve. Drilling was 
then resumed the bottom, through valves pipes set into the drill 
holes, the valves being shut water was encountered. account 
trouble with the pumps and the suction and discharge pipes, the shaft 
was again flooded twice succession and each time recovered. 

The last holes drilled the bottom indicated that for the next 
ft. the ground excavated was very porous, with open seams 
wide in. was feared that, when the next shot was made, there 
would such great inflow water flood the shaft again. 
was then decided attempt cut off the water grouting the water- 
bearing seams. 

For this purpose, twenty-seven vertical holes were drilled from 
ft. deep, around the bottom the shaft, each hole being fitted 
with pipe and valve. total about 3000 bags cement was 
into these holes. first, the grout leaked back into the shaft, 
but after some experimenting, the seams were finally clogged mixing 
bran, oats, and ground horse manure with the cement. This grouting 
was successful that was decided attempt grout the remainder 
the water-bearing strata single operation down the top the 
Shawagunk grit, hard quartz conglomerate encountered sinking 
the lower portion the shaft. Six diamond drill holes, in. and in. 
diameter, were drilled around the perimeter the shaft for depth 
100 ft. The holes were grouted under pressure 275 lb. per sq. in., 
but only 175 bags cement could forced in. After further delays, 
due pump troubles, sinking was resumed. the first ft. exca- 
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vated, numerous seams well filled with grout were encountered; the 
maximum thickness the grout was in., irregular open bed 
sandstone. The leakage into the shaft this time was 225 gal. per 
min., which increased 350 gal. per min. depth 280 The 
water continued increase quantity 525 gal. per min. depth 
320 ft., and was strongly charged with H,S gas, which attacked the 
men’s eyes and caused abrasions develop into sores. 

the meantime, the pumps continued give trouble and with 
the shaft filled with less than ten them one time, and with 
air and discharge lines, was almost impossible carry the 
sinking operations. Due the breaking down one the station 
pumps the shaft, the latter was flooded for the sixth and last time. 
After was again unwatered, large pump chamber was excavated 
the side depth 310 ft., and three steam pumps having 
combined capacity 1050 gal. per min. were installed therein. 

Sinking was then resumed pilot drill hole being kept well below 
the bottom) and all seams were grouted, none them taking more 
than bags cement, until the grit was reached. the contact 
with the grit, additional flow 125 gal. per min. entered through 
old drill hole, increasing the total inflow 850 gal, per min. 
The flow was cut off injecting 350 bags cement under pressure 
275 per sq. in. All water-bearing seams the grit were grouted, 
the maximum quantity cement used any point being 100 bags. 
When the bottom was reached, the total inflow into the shaft was 
610 gal. per min. 

The method grouting used this shaft was, general, 
follows: 2-in. pipe provided with long nipple and gate-valve 
was driven into the drill hole far possible. obtain tight 
packing around the pipe, wooden wedges, oakum and cement were 
freely used, and horse manure mixed with the cement was also fre- 
quently used clog the openings. battery four six Canniff 
grout tanks was set the top the shaft and connected with 
the hole pipe. The air pressure for grouting varied 
from 100 275 the former being obtained from the main air line, 
and the latter from small Westinghouse “booster.” thin mixture 
was used first, and the quantity cement was increased gradually 
this mix continued flow freely, sand was added until the pipe 
began clog. 
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The grouting this shaft was very successful, one time cutting 
off leakage more than 400 gal. per min. total 1163 bbl. 
cement was used the grouting the shaft. The holes drilled for 
grouting were generally ft. deep, which depth, was probably too 
great, the grout would fill the wide horizontal seams, while the 
finer seams, cut nearer the bottom the drill holes, would only 
grouted for perhaps few inches from the holes, due the fact that 
these seams the grout would set hard, while the wide seams were 
taking grout freely. 

believed that the grouting would have been even more effective 
shallower holes, about ft. deep, had been drilled, such holes 
would have cut smaller number seams, with the result that the 
rock would have been more thoroughly impregnated, and the grout 
would have traveled farther out from the shaft. other work 
the best results have been obtained alternately drilling and grouting, 
using shallow holes for the purpose. 

City Tunnel the shafts the City Tunnel were lined 
with concrete. Although considerable leakage was encountered 
several during the sinking, the inflow was either completely cut off 
considerably reduced grouting the water-bearing seams. 
these wet shafts had been timbered instead having been lined with 
concrete, the excavation would have been more difficult account 
the excessive quantity water that would have had handled. 

Shaft City shaft, the south side Jerome 
Park Reservoir, was sunk depth 242 ft. Fordham gneiss. 
The rock was sound, and the shaft was dry until depth 150 ft. 
was reached, when flow 150 gal. per min. encountered while 
drilling holes the bottom. short time, the quantity diminished 
constant flow about gal. per min. After the shaft, which 
had been flooded, was pumped out, the drill holes were plugged and 
the concrete shaft lining was placed within few feet the 
bottom. 


The drill holes were then grouted under air pressure from 
100 225 lb. per sq. in., using mix about cement 
gal. water. total bags cement was used this grouting, 
and the leakage was entirely cut off. Water under pressure 
lb. per sq. in. was also struck depth 181 ft., and the flow 
this level too was cut off grouting. 
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Pilot holes, ft. deep, were then drilled and all struck water, 
which some cases washed 1-in. fragments rock from the drill 
holes, indicating the presence disintegrated seam. These holes 
were grouted, but. they took very little cement. The shaft was sunk 
another ft. without increase water. The bottom the was 
then disintegrated rock well grouted. 

The next step was drill large number vertical holes, in. 
apart and ft. deep, around the periphery the shaft. The holes 
were grouted, one time, each hole taking about two batches 
grout, except some one side the shaft through which the leakage 
was about 100 gal. per min. The water from these holes could not 
shut off, and the leakage was taken care pumping. the 
shaft was deepened, increase flow was encountered, and sound 
rock was reached depth 200 ft. 

The water-bearing ground below the 181-ft. depth showed 
fault zone with maximum thickness ft. one side, below 
which the rock was disintegrated depth ft. total 
approximately 1000 bags cement was used grouting this 
stretch, and although the disintegrated ground was found well im- 
pregnated with grout, the flow water could not entirely cut off. 
Thick grout was generally used, but believed better results might 
have been secured the use thin grout. After the shaft had been 
ecmpletely lined, the water-bearing seams were grouted through pipes 
set the lining, and the leakage was reduced gal. per min. 

Shafts and 21, City 20, 750 ft. deep, the 
lower part Manhattan Island, was excavated Fordham gneiss 
which was generally dry. trouble with water was experienced 
until depth 425 ft. was reached, when flow gal. per min. 
was struck the drill holes the bottom the shaft. Deep holes 
were drilled, pipes inserted, and concrete blanket ft. thick was 
placed over the bottom the shaft. Grouting was started too soon, 
before the concrete had set hard, and was necessary add another 
2-ft. layer concrete. After lapse the holes were 
grouted under pressure 300 per sq. in., and the water was 
cut off. further trouble was had excavating the remaining 
depth the shaft. 

Shaft was sunk granodiorite depth 757 ft. the East 


River, the lower part Manhattan Island. The rock was hard and 
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seamy, and wet zones were encountered about every ft. The 
wet seams were grouted successfully every case. concrete blanket 
was placed over the seam grouted, Shaft 20, retain the 
grouting pressures, and the results were satisfactory. The concrete 
lining the shaft was placed stretches about ft., the sinking 
progressed, and any water entering through the grout pipes set the 
lining was grouted off, order keep the bottom the shaft dry 
possible. 

Shafts and 24, City 22, the Borough 
Brooklyn, was sunk through gneiss and granodiorite. Only small quan- 
tities water were handled, except Elevation 430, where flow 
estimated have been 200 gal. per min., was encountered drill 
hole. The flow was controlled inserting pipe provided with 
valve the hole, after which other holes from ft. deep were 
drilled locate the extent the water-bearing area, which was 
fcund one side the shaft. 

The first attempt grouting was unsuccessful, due the large 
number seams. concrete blanket was then placed around two 
the pipes, the wet portion the shaft, and the water was cut 
grouting under pressure 350 Ib. per sq. in., only days 
after was first struck. Subsequent excavation showed that seams 
not more than in. wide were filled completely with cement. 
These seams were sharply defined cracks the hard rock and were 
cut the drill holes such manner provide good circulation 
the grout, with the result that the grouting was successfully com- 
pleted few shifts. 

The granodiorite and gneiss through which Shaft was sunk 
was blocky and more less crushed. Little trouble was encountered 
handling the water the shaft, except stretch ft. 
depth about 300 ft., where flow 240 gal. per min. was struck 
one the drill holes. The shaft was flooded, and became neces- 
sary install large pumping plant unwater it. After was 
pumped out, the hole through which the water issued was plugged, 
and fourteen holes were drilled around the periphery the 
varying depth from 174 ft. Through pipes fitted into these 
holes, cu. yd. grout was forced into them under pressures 
high 325 per sq. in. 
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The grouting the wet seam caused the water rise the rock 
end flow from the above. Holes were drilled into these 
seams, and grout under low pressure was forced into them, wedges 
soft wood being driven into the seams where necessary prevent 
the grout from escaping into the shaft. The leakage from these seams 
was reduced from gal. per min. 

resuming excavation, was found that the seam which yielded 
the large flow had been successfully grouted and gave further 
trouble, but, after the smaller seams above had been closed, the rock 
the shaft scaled badly that was necessary suspend sinking 
and place the concrete lining. The leakage remaining was taken care 
pipes set the concrete and subsequently grouted. 

Grouting Behind Caissons, City ledge rock was 
reached, the six southerly shafts the City Tunnel had penetrate 
through deposit water-bearing sand, varying depth from 
150 ft. The earth portions these shafts were excavated rein- 
forced concrete caissons sunk compressed air. 

order effect tight seal the surface the rock, the 
caissons were sunk from ft. below the lowest point sound 
rock around the cutting edge, and the space between the caisson and 
the rock was grouted through pipes set concrete bench which 
the cutting edge the caisson was sealed. Pipes were also placed 
through the concrete above the bottom the caisson for 
grouting the sand surrounding the caisson. The work was suc- 
cessful, the leakage from the seal, after taking off the air, was only 
gal. per min. the deepest caisson, that Shaft 23, where the 
hydrostatic head was more than 100 ft., and, subsequently, all this 
leakage was grouted off. 

The experience grouting the sand behind the caissons indicated, 
found other work, that little can done consolidate mass 
sand attempting fill the voids grouting, but very 
good results can obtained grouting filling voids due loss 
ground. 

Grouting Closures Construction Shafts—The construction 
shafts which were sunk solely expedite the excavation the 
pressure tunnels, were closed filling them, for depth about 
ft. above the waterway the tunnel, with concrete. These shafts 
were rectangular shape, measuring about ft., and were tim- 
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Position shoe when mortar 
being placed 


shoe 


Surface sound rock 
Bags clay 
prevent escaping air,- 
ordinary procedure 


8-2 grout pipes around perimeter 
shoe 


2"grooves mortar collar formed 
nailing round strips form, 
Vertical grooves, every ft. around 
perimeter, connect the horizontal 
grooves the whole forming grout- 
ing drainage system. Just prior 
grouting, air blown clean 
surfaces, 


Oakum 
Steel plate thick 

6-2" pipes around perimeter, 
two each groove. 


{] 

wooden blocks capped with plate, 
caisson. Five inches oakum placed under the 
entire perimeter prior dropping, insure water 
tightness. After caisson dropped, grouting 
immediately started. CATSKILL AQUEDUCT 


CITY TUNNEL 


depending rock conditions and ground COMPRESSED AIR WORK 

water level. SEALING CAISSON 
EARTH TO ROCK 
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bered. Before the concrete plug was placed, the timbering the 
bottom ft. was removed, and the concrete was placed solidly 
against the rock. 

was realized that the concrete the plug might shrink and 
leave space between and the rock through which the water from 
the tunnel would escape the surface. order permit the 
filling the shrinkage space, grouting channels were left entirely 
around the shaft the top each lift vertical intervals 
about ft. These channels were formed placing sheets 
tin sheet iron around the shaft, the bottom edges the tin being 
left the fresh concrete, while the upper edges were wedged tightly 
against the rock. 

Each grouting channel was provided usually with three 2-in. pipes 
set the concrete; one, acting vent drain pipe, extended down 
the tunnel and two were carried the top the plug. The 
channel was kept from clogging during the placing the concrete 
flushing with water through the pipes leading the top the plug. 
After the concrete had set and shrinkage had taken place, the chan- 
nels were grouted from the top the plug, beginning with the lower 
one and working up. 

The usual procedure before injecting the grout was apply air 
pressure each the two pipes leading from the grouting chan- 
nel. While one pipe was being blown out, the other was kept closed, 
wash any water accumulation through the down drain pipe 
into the tunnel. Neat cement grout was then forced into one the 
pipes until showed the vent pipe the tunnel; the vent was then 
closed, and grouting was continued until the grout flowed from the 
tup the other pipe. The latter was then closed and grouting 
continued, until more grout could forced under pressure 
300 lb. per sq. in. The high pressure was then applied the 
other pipe, and the process was continued until all the channels 
were grouted. 

There some question whether grout can forced into 
the fine shrinkage space that may develop between the concrete plug 
and the rock. Shaft Rondout Pressure Tunnel, where was 
necessary excavate the plug connection with the repair work 
the tunnel, there were indications any layer grout between 
the concrete and the rock. The concrete was found adhere closely 
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the rock surface. Grouting pans are advantage, however, 
protecting the concrete from water seeping into the shaft. the 
water not collected, will find its way through the concrete, 
between the and the rock, resulting injury the concrete 
the bond. 

Shaft Rondout Pressure Tunnel, 63, 45, and batches 
neat cement grout were forced into the lower, middle, and top grouting 
channels, respectively, the shaft plug. The total volume grout 
injected, namely, 161 batches, corresponding about 200 cu. ft. 
grout, exceeded the estimated volume space the grouting chan- 
nels, that believed penetrated into the rock 
seams. There was also indication this during, the- high-pressure 
grouting the top channel. Grout appeared the rock seams above 
the plug and also the top the plug the contact between the 
conerete and the rock, ft. above the top channel. The grout leaks 
clogged the air pressure was continued. 

grouting many the construction shaft plugs, trouble 
was experienced, after connecting pipe leading grouting 
channel, and closing all other vents, force air either through the 
rock itself through the contact between the concrete and the rock. 
The fact that the air pressure could kept 100 lb. during the 
previously mentioned test, raised higher pressure, showed that 
the seams and openings were very small. 

important while removing the shaft timbering, connection 
with the placing the concrete plug, take down all loose rock and 
place the concrete against the solid rock. possible that the 
passage air occurring during the tests previously noted, took place 
through loose rock seams instead between the concrete and the 
rock. Not only should loose rock removed, but also all rock that 
sounds “drummy” when pounded. 

The concrete plugs the bottom the construction shafts proved 
very tight against outward leakage. 

Grouting Closures Riser Valve Shafts—The City Tunnel shafts 
through which water supplied from the tunnel the valve chambers 
the top the shafts, are provided with riser valves which are 
about 100 ft. below the top sound rock. These valves are designed 
close automatically break occurs the valve chamber 


street main. Below them, the waterway 14-ft., larger, 
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concrete-lined shaft, and, above them, the 6-ft. riser 
mortar-lined steel pipe, embedded solid plug concrete forming 
the shaft closure. The concrete plug was placed inside outer 
shaft lining concrete, the latter having been placed during the 
sinking the shaft. 

Grouting rings channels were formed frequent intervals, when 
placing the plug concrete, permit the grouting the shrinkage 
space between the new and the old concrete. These channels were 
grouted after the concrete had been place sufficient length 
time insure complete shrinkage. 

The procedure Shafts was typical the practice 
the City Tunnel shafts. these two shafts, three grouting channels 
were formed between the concrete plug and the outer lining, the 
lowest one being about ft. above the point where the plug started, 
and the others about and ft., respectively, above the bottom one. 
The channels were formed the end the day’s work placing 
segmental timbers 4-in. cross-section the top the green 
concrete, around the perimeter the plug. 

Two 2-in. pipes, placed diametrically opposite, were carried from 
the bottom the plug the bottom each grouting channel. 
Before starting place the next lift concrete, the channel was 
with sheet iron bent against the outer lining and covered with 
sloping layer stiff concrete about ft. thick. The latter pro- 
tected the sheet iron and kept from being displaced. 

After the concrete plug had set six weeks, the channels were 
grouted. The general procedure each case was blow out the 
pipes and channels with compressed air pressures 
after which water was forced through, and, finally, grout was in- 
jected under pressures maximum 150 lb. per sq. in. The 
grout used varied from mix volume cement volumes 
water one equal volumes cement and water. The experience 
these shafts showed slight passage water and grout from 
channel channel, but evidence leakage showed around the 
plug the top the shaft. 

Shaft the City Tunnel, four grouting channels were 
provided connection with the placing the concrete plug which 
197 ft. deep and ft. diameter. each the two lower chan- 
nels, three 2-in. pipes were carried from the shaft below the plug, 
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and from the two upper channels, three pipes were carried the 
top the plug. Compressed air was forced into the pipes the 
lower channels before any grouting was begun. The air circulated 
freely between the plug and outer lining, appearing the surface. 

The bottom channel was grouted first, the grout being forced into 
the pipes until they refused under 300 pressure. The grout from 
the lower channel flowed upward into the next channel and its pipes, 
but reached the top the plug through the pipes the upper 
channels. Connection was made each pipe, the lower channels being 
completely grouted before the upper ones were begun. 

The results obtained all the City Tunnel shafts have been very 
satisfactory, there has been leakage into any the chambers 
the top the shafts. some the shafts, the pressure the water 
the level the chamber floor about 110 Ib. per sq. in. 


UNDER THE FOUNDATIONS DAMS AND 


Grouting Seams Rock Under Olive Bridge Dam.—The masonry 
portion this dam about 1600 ft. long, and rises maximum 
height 210 ft. above the bed Esopus Creek. The bluestone layers 
underneath the creek were excavated sound rock maximum 
depth about ft., and, addition, cut-off trench about ft. 
wide was excavated, maximum depth ft., across the creek 
channel just below the up-stream edge the dam. Below the top 
layer bluestone, alternating layers slate, shale, and bluestone were 
found, the beds varying thickness from ft. 

Before excavation for the dam was started, the rock underlying 
the foundations was explored means fifteen diamond drill borings 
from 100 ft. deep, put down the bed the creek and the 
adjacent rock sides. The holes were tested pressure 
tests for the purpose locating the position and permeability the 
seams the rock. These investigations showed two definite planes 
leakage depths and ft. below the bed the creek. 

prevent the flow water through the open seams, total 
217 holes, in. diameter, were drilled about ft. below the 
seams for the purpose grouting them. The lower seam was reached 
row holes, spaced about ft. apart, drilled from the bottom 
the cut-off trench. For grouting the upper seam, seven rows con- 
taining 172 holes, also spaced ft. apart, were drilled from the bottom 
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the excavation down stream from the cut-off trench. model was 
made, showing the position the grout holes and the water-bearing 
seams, and was found useful connection with the subsequent 
grouting. 

length 2-in., wrought-iron pipe, the lower end which 
was chipped with chisel and wrapped with jute, was driven into 
the tops the holes until the jute became firmly wedged and made 
tight joint. The pipe was then wedged fast the top with two small 
iron wedges, and the annular space between and the sides the 
drill hole was filled with grout, thus sealing the pipe the hole. 
water was flowing from the drill hole, the iron wedges and the grout 
were omitted, and dry cement was rammed into the tap the hole 
outside the pipe. 

Sections pipe convenient length were successively 
the tops the grout pipes keep them always above the 
top the cyclopean masonry the latter progressed, until the 
were grouted. After the surface the rock was covered sufficient 
weight concrete masonry overcome the possibility lifting 
blowing out hydrostatic pressure, the tops the grout pipes were 
connected Cockburn grouting machine about cu. ft. capacity, 
and grout was forced into the hole air pressure from 
Ib. per sq. in. The grout generally used was mixed equal 
volumes neat cement and water. 

The grouting extended over period about one year and was 
done any convenient time after the concrete had attained height 
ft. more. The holes extending the lower seam took 
total 251 cu. ft. grout, which was estimated that 175 cu. ft. 
entered the seam. The 172 holes drilled the upper seam received 
total 1118 cu. ft. grout, which was estimated that 925 
cu. ft. entered the seam. 

The quantity grout forced into any hole varied from 198 
cu. ft., and only about 10% the total number holes took 
appreciable quantity. The maximum distance through which grout 
was forced, making its appearance other pipes, was ft. 

number experiments were made connection with the grout- 
ing, which are interest. Grout was forced under pressure 
per sq. in. into hole drilled about ft. back from the edge 
the cut-off trench, and appeared the face the trench from 


| 
q 
4 
$ 


GROUTING OPERATIONS, CATSKILL WATER SUPPLY 


horizontal seam about in. below the top. Several months later, the 
rock covering this seam was barred and wedged off, and the seam 
appeared well filled with cement which was set hard. 

Grout was also forced into drill hole about back from the 
face the cut-off trench, through two seams the face the trench. 
Two days later the rock was barred off, exposing the seams which 
were found well filled for distance ft. every direction 
from the hole, and partly filled ft. farther out. 

Grouting Woodstock and Glenford two structures 
close the gaps between the hills forming the Ashokan Reservoir. The 
dikes consist rolled embankments with center concrete core-walls 
which, with the exception short portions, were carried down 
ledge rock. the vicinity the dikes, the rock overlaid with 
cover clay and gravel, varying from ft. depth. 

the East Basin the reservoir filled, was observed that some 
seepage was taking place underneath the dikes, which increased 
the water level the reservoir rose. Although the loss water was 
not serious, was considered advisable take measures stop the 
seepage and improve the character the foundations. deter- 
mine what extent this might accomplished, was decided 
grout portion the foundation the Woodstock Dike. 

Operations were limited length 379 ft., the total length 
the dike being approximately 2500 ft. Holes were drilled, spaced 
about 123 ft. apart, the center line the dike where the core-wall 
extended rock, and 6-ft. off-set line stream from the 
center line, where the core-wall was not carried down rock. Thirty- 
five holes were drilled, their total depth through the embankment and 
earth cover aggregating 426 lin. ft., while the depth the core- 
borings totaled 717 lin. ft. 

Where the holes were the center line the dike, 4-in. casing 
was driven the core-wall, distance approximately ft. 
hole was then drilled into the core-wall depth ft., into which 
casing was driven and grouted, giving tight seal, The 4-in. 
casing was then withdrawn. For the holes stream from the core- 
wall, 23-in. casing was driven rock. The rock was chopped out 
depth from in. and the casing was driven tightly into it. 

The core-borings were made with “A” bit, which cut hole 
approximately diameter. The rock encountered was bluestone, 
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varying from coarse stone good quality very fine grained 
stone. general, the holes averaged ft. depth, of. this 
being rock. Tests made pumping water into the holes showed 
loss water practically all those drilled rock, the maximum 
quantity that could pumped into hole without accumulating 
pressure, having been gal. per min. 

the completion the drilling, the holes were grouted. Two 
Cockburn-Barrow grout machines were used mix the grout, dis- 
charging into wooden box, from which was pumped Douglas 
hand grout pump into the hole The mix varied 
consistency from bag cement and gal. water bags 
cement and gal. water. The general method was 
attach the grout pump hole and continue pumping grout 
long the hole would take it. the majority cases, the grout 
did not show adjacent holes. one instance, however, appeared 
hole ft. distant from the one grouted. 

the completion the grouting the rock, the casing was 
first pulled about in. and grout was then pumped in, keeping 
the pressure maximum except that after work had been 
done hole and then resumed after interval, slightly higher 
pressure was used for short time. When the hole would take 
more grout, the casing was pulled another in., and the grout 
applied once more refusal. This procedure was continued, alter- 
nately pulling casing and grouting, until the casing had been raised 
that the bottom was the elevation the flow line. 

The maximum quantity grout forced into hole.in the rock 
was 1078 bags cement and the minimum bags. The maximum 
quantity forced into hole the earth cover above the rock was 
496 bags and the minimum bags. total 1881 bbl. cement 
was used this experimental grouting. resulted appreciable 
reduction the amount seepage for the portion the dike treated. 
Measurements made soon after the completion the grouting, indi- 
cated reduction approximately 50% the amount seepage. 

view the satisfactory results obtained grouting the experi- 
mental section, was decided grout the foundations the Wood- 
stock and Glenford Dikes for their entire lengths, except few sections 


which was thought unnecessary treat. 
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modification was made the procedure originally followed. 
Where the core-wall was founded rock, the holes were drilled 
two rows, ft. apart, spaced about ft., center center, each 
row, the holes being staggered. the Woodstock Dike, the holes 
were drilled through the core-wall and into the rock, the method 
sinking and sealing the casing being the same that described 
the experimental work. the Glenford Dike, was impossible 
drill holes through the core-wall because the location the Ulster 
and Delaware Railroad that dike; the casings, therefore, were 
sunk stream from the core-wall, with the same spacing described 
previously. 

For the portions the Woodstock Dike where the core-wall was 
not carried rock, holes were placed offsets and spaced ft. apart; 
4-in. casing was sunk rock, and, alternate holes, 24-in. casing 
was placed inside the 4-in. casing and securely sealed into the rock. 
The holes through the core-wall and into the rock were in. 
diameter instead in., the experimental work, and were 
drilled minimum depth ft. into the rock. The total linear 
feet holes drilled Woodstock Dike, including the experimental 
section, was 11182, and Glenford Dike, 190. 

The same general procedure was followed grouting the holes 
the experimental grouting, but some changes were made. 
order economize the labor incidental the use hand-pumping 
grout, water pressure supplied steam pumps was for 
the Douglas hand pump, four grouting units being operation 
all times, with piping extending the full length both dikes. 
before, Cockburn-Barrow grout machines were used for the 
grout, wooden troughs conveying hollow iron cylindrical pressure 
tanks. 

These grout tanks consisted 12-in. iron pipes, ft. long, laid 
horizontally, two which were mounted portable wooden 
Suitable 2-in. pipes and fittings made possible use each tank alone 
sequence. Pressure, when required, was applied one end con- 
nection with the water line, and the grout the tank was discharged 
displacing with water. This method was found work very 


smoothly, resulting saving time and more effective grouting 
account the continuous operation. 
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The grouting the earth cover and embankment above the rock, 
the Woodstock Dike, was completed before the rock was grouted. 
The row 4-in. casing without the inner pipe, was grouted 


first, and then the other row, the grouting cover flow-line eleva- 


tion being accomplished raising the 4-in. casing desired. After 
this cover grouting was accomplished, the casing was used 
grout the rock. total 7564 bbl. cement was used for grouting 
Woodstock Dike, including the experimental section, and 613 bbl. 
Glenford Dike. 

The results the grouting both dikes have been very satisfac- 
tury, the estimated reduction seepage, with full reservoir, being 
75% Woodstock Dike and 90% Glenford Dike. addition, the 
foundations under the dikes have been improved materially, due 
the consolidation the disintegrated rock and the filling the 
seams and cavities. 

Grouting the Foundation under Dam 
gravity structure cyclopean concrete masonry, with maximum 
height 310 ft. above the bottom the excavation. The dam 
across the Bronx River, between parallel ridges which rise height 
about 180 ft. above the bed the river. the site the dam, 
the quality and attitude the rock was developed core-borings 
which clearly revealed the geologic structure the valley floor. 

The east ridge composed gneiss, the west ridge schist, and 
between the two hills lies bed crystalline limestone about 400 ft. 
thick. The excavation for the dam was carried down generally 
sound rock. The limestone was found deeply decayed places, 
especially along the contact with the gneiss, where the decay follows 
the contact for depth more than 100 ft. below the general level 
the rock floor and affects the adjacent gneiss. decay was found 
the contact between the limestone and the schist. Both the gneiss 
end the schist showed less depth decay than the limestone but, 
places, these rocks were shattered and showed the effect crush zones 
lines weakness along the bedding planes. 

The foundation the dam required more less extensive grouting 
three points, one the schist near the west end the dam, one 


soft seam the limestone, and the third covering the entire east 
side the gorge. 
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the west end the dam beyond the cut-off trench, the mica 
schist was found contain occasional cross-bedding seams, and the 
area was explored few drill holes, ft. deep, which were tested 
with water under pressure. Some intercommunication was found 
these holes, although holes drilled the bottom the cut-off trench 
just east this area were tight. The area was treated drilling two 
lines holes ft. apart, with 3-ft. spacing each line, and ft. 
deep, for length ft. along the dam. After the masonry had 
been placed sufficient height, the holes were filled with grout 
under pressure. 

one place crush zone the limestone crossed the foundation. 
the surface the rock was about ft. wide, but narrowed 
with depth. was followed down the cut-off excavation until 
was less than ft. wide, and was entirely filled with compact 
material, further excavation was deemed unnecessary. 
ft. deep were drilled over the area, and testing with water and 
uranium, those the west the seam were observed more 
less communication with each other. When the masonry the 
had been placed, providing cover ft. more thickness, 
the holes were grouted. 

the east side the gorge, where disintegrated zone was 
the contact between the gneiss and the limestone, more 
extensive grouting was necessary than elsewhere. The rock lay 
beds about ft. thick, and when exposed the bedding planes opened 
up. Several layers were excavated until fairly sound rock was reached 
but, under exposure the air and summer heat, further opening 
the bedding planes took place. The excavation the cut-off trench, 
which was carried down depth ft. below the general level 
the had shown that several seams the rock were open 
and water-bearing. 

Holes, ft. deep and about ft. apart, were drilled normal 
the inclination the strata, and 2-in. pipes were fitted into them 
and extended through the masonry. Two rows holes were also 
drilled the bottom the cut-off trench near the sides, about ft. 
apart, longitudinally. The tops the lower holes the gorge were 
about Elevation 65, and they were not grouted until the concrete 
had reached Elevation 192, the grout pipes were some cases 125 ft. 

length. 
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Pressure tests, using water colored with uranium, were made 
each hole determine the influence the other holes. result 
the tests, was concluded that the cut-off trench effectively 
cepted the more opén seams, and that the grout pipes could divided 
into three groups: First, the holes stream from the cut-off trench, 
where they all appeared connect freely with each other; second, the 
holes the cut-off trench which evidently penetrated region not 
reached the others; and, third, all the holes down stream from the 
cut-off trench, which were evidently quite freely intercommunicative. 

grouting, each the three groups was treated separately. 
Usually, the pipe which took water most freely was the first 
grouted. the grout appeared other pipes, they were capped, and 
the pressure continued until the hole refused take more grout. 
Then the pipe was capped, and connection was made another pipe, 
the uppermost pipe being left open for vent. Eventually, all the 
pipes were filled with grout, capped, and left embedded the dam 
masonry. With the reservoir full for two years, there has been 
indication any leakage the down-stream side the dam. 


MISCELLANEOUS GROUTING. 


Mortar Lining Inside Large Steel pipe siphons 
were used for crossing valleys along the line the aqueduct where 
the rock was not sound where, for other reasons, pressure tunnels 
would impracticable. The steel pipes vary from ft. in. ft. 
in. diameter, and are lined with in. cement mortar, enveloped 
with concrete, and covered with earth embankment. 

The mortar lining was placed two operations (see Fig. 12): 
First, invert about ft. wide was placed the bottom the pipe, 
using 1:2 mortar and finishing with screed board and trowel; and, 
second, the portion above the invert was lined using wooden form 
built curved panels inside the pipe, and pouring grout from the 
surface the ground through vertical 2-in. pipes screwed the top 
the pipe 15-ft. intervals, one pipe being used grout 15-ft. section 
and the next for vent. 

The grout was mixed hand the surface boxes arranged 
that one batch would mixed while the other was discharged. The 
grout was poured through the pipe into the lower hole, until 
ran out the 4-ft. riser inserted the upper hole. The pouring 
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was continued for some time allow the air escape. This method 
permitted the discharge the surplus water and laitance, and effec- 
tively took care any shrinkage. The grout for the portion between 
the invert and the springing line was mixed 1:1, while, for the portion 
above the springing line, 1:2 mixture was used. 

one the siphons, the mortar lining was placed the cement 
gun, without the use forms. The apparatus consisted double 
tank with air-tight bulkheads and revolving feed for sand and 
cement. The mixture was discharged air under pressure 
through rubber hose. the mixture reached the nozzle, came 
contact with water discharged through another hose, and the com- 
bined spray was discharged with great force against the inside surface 
the steel pipe. Although the results obtained with the cement gun 
were satisfactory, was not found well adapted for the work 
and was not used subsequently the other siphons. 

Grouting Expansion Joints Cut-and-Cover 
concrete the arch the cut-and-cover aqueduct was placed 
lengths 30, 45, 60, and ft. The vertical expansion joints the 
ends the arch sections were formed either tongue-and-groove 
joints cast the concrete, steel plates. Owing temperature 
changes, these joints opened cold weather, the width the 
openings varying from about in., depending the tem- 
perature the air and the length the arch sections. Hydro- 
static tests, made filling portions the aqueduct, showed that 
neither the tongue-and-groove nor the steel-plate expansion joints were 
tight against outward leakage all cases. After some experiments 
and tests, was decided that the most effective method making 
the joints tight was grout them with cement. Accordingly, the 
joints several miles aqueduct were treated grouting them 
the winter months when they are open the widest. Only the joints 
that were appreciably open were grouted. 

The following method grouting was found successful 
one section the work. The grout from 2-qt. tin coffee-pot was 
poured into small tin funnel and through rubber tubing, 
about in. long, into the joint. The joints were usually raked out 
advance the grouting, using 12-in. pruning saw having very 
coarse teeth one edge. The grout was poured near the top the 
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joint, from the inside the aqueduct, the leakage grout into the 
aqueduct being stopped caulking the joint, usually with 

Where the joints were wet, inward leakage due 
ground-water, was necessary grout them pressure, using 
Douglas hand pump for this purpose. They were first drilled 
hand convenient points, and into the holes were inserted pipe 
nipples, in. long, threaded one end. The nipples were caulked 
into the joints with lead wool, and the inside edges the joints were 
also caulked with the same material. 

The mix generally used for grout poured into place was parts 
cement parts water volume. This consistency was found 
little too thick for the hand pump and, for the wet joints, 
mix consisting parts cement parts water was used. 
The grouting was very effective making the joints tight against 
leakage. 

Grouting Caving Ground the Grade driving one 
the headings the Reynolds Hill Tunnel, several slips occurred, 
and, 15-ft. stretch, the timbering was badly distorted the slide. 
order excavate safely the bench through this section, the space 
outside the timbering which had previously been dry packed, was 
grouted. Concrete was first placed back the timbering for height 
about ft. above the wall-plates and, each end the section, 
concrete cut-off walls were built high possible between the lagging 
and the rock, the closures being made with brick masonry. The dry- 
packed space over the arch between the cut-off walls was then grouted 
tank grouting machine. More than cu. yd. 1:1 grout were 
placed. trouble was experienced subsequently excavating the 
bench through this section. 

Grouting Tunnel Where Concrete Lining Had 
Some time after was placed, the concrete lining portion the 
Eastview Grade Tunnel was found undergoing progressive, 
slow disintegration, caused the infiltration the surrounding 
ground-water which contained certain chemical elements injurious 
conerete. The portion the tunnel affected, stretch about 
ft., was relined with brick in. thick. 

take care the- water seeping through the concrete lining, 
sheets steel were used throughout the side-walls and arch the 
lined section, and kept uniformly away from the concrete face 


| 
| 
| 


GROUTING OPERATIONS, CATSKILL WATER 


ordinary spruce plaster lathe, provide drainage and grouting space. 
Before the brick lining bituminous water-proofing fabric 
was deposited the sheet metal water-stop and the invert concrete. 

Along the center line the invert, the lined section, 4-in. tile 
pipe was laid with open joints receive the drainage water. Trans- 
verse drainage grooves cut the invert conveyed the water from 
behind the metal stop the center line drain. This drain was pro- 
vided with 2-in. pipes, in. long, extending through the brick 
lining the invert. Before grouting the space behind the water-stop, 
this drain and the connecting grooves were pumped full grout, 
connections being made the 2-in. pipes the invert. 

For grouting between the metal stop and the original concrete 
lining, 2-in. pipes were set, extending through the brick work three 
levels both sides the tunnel. The grouting was done successive 
upward stages, grout being supplied the lower middle and upper 
level pipes until appeared the next higher level, each stage 
covering the entire length lined section before the next stage was 
begun. Douglas hand pump was used place the 1:1 grout which 
was mixed boxes carried flat cars and stirred while 
being used. account the hydrostatic pressure behind the brick 
lining, the side-walls were braced throughout the length the lining 
during grouting, with 6-in. struts, spaced ft: centers, and 
wedged place. 

addition relining portion the tunnel with brick, addi- 
tional. precautions against the disintegrating effect the ground- 
were taken grouting the space above the arch for the entire 
length the tunnel, about mile. This space the roof between 
the concrete and the rock had beeh partly dry packed the time the 
concrete lining was originally placed. 

The grout pipes were in. diameter, provided with couplings 
their ends, holes drilled through the concrete. 
pair pipes, one grout and the other vent pipe, was placed 
through the arch concrete intervals ft. The inner ends 
all pipes were wrapped smoothly with cotton cloth order make 
them fit tightly the holes, and were driven place sledge- 
hammer. 

The grout, consisting bag cement, bag sand, and 
usually gal. water, was placed means Canniff tank, the 


q 
a 
( 
q 
} 
1 
> 
| 
| 
| 
| 
| 
| 
| 
| 
] 
| 


OPERATIONS, CATSKILL WATER SUPPLY 


grout being forced refusal under about lb. pressure. The 
quantity grout placed averaged cu. yd. per ft. tunnel. 


GENERAL REGARD GROUTING. 


The experience the grouting operations with the 
Catskill Water-Works, showed that grouting very effective for 
backing up, and filling the spaces behind, tunnel linings. mixture 
water, was found well adapted for this purpose. The air pressure 
should not greater than necessary force the grout into place. 
The pressures actually used varied from per sq. in. 
complete the filling the voids between the tunnel lining and the 
rock, particularly the high places the roof adjacent the “vent” 
pipes, air pressures 300 per sq. in. and neat cement grout 
were used. 

Good results were obtained cutting off the leakage water into 
the tunnels grouting the water-bearing seams. For this purpose, 
essential control the inflowing water collecting behind 
drip-pans steel shell, and draining pipes through which 
the grout subsequently forced into the seams. Neat cement 
grout, about gal. water bag cement, was found 
effective for this purpose. For fine openings very thin mix must 
used order obtain good results. The pressures should sufficient 
overcome the ground-water head and force the grout into the rock. 

‘In sinking wet shafts, grouting was successful off 
leakage. best results were obtained alternately drilling and 
grouting, using holes about ft. deep the bottom the 
shaft. The consistency the grout should adjusted the size 
the seams. some cases, little addition bran, oats, etc., 
the neat cement grout will aid plugging the crevices the rock. 

The results obtained treating the foundations dams and 
cutting off leakage underneath the dikes drilling holes and grouting 
the rock seams under the dam structures were satisfactory. 
desirable such cases explore the rock under the dams thoroughly 
diamond drill borings for the purpose locating weak zones and 
open seams. The location the holes and method grouting will 
depend the natural conditions encountered. 
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should stated that the procedure adopted 
any grouting operation must take into account all the factors that 
enter into the problem. one method applicable all cases. 
The conditions encountered during the grouting may make advis- 
able modify the procedure materially. Good judgment and skillful 
adaptation meet varying conditions are essential successful 
conclusion. 

This paper was prepared the suggestion the Chief Engineer, 
Waldo Smith, Am. Soc. E., whom the writers are indebted 
for advice and many valuable suggestions. Many the data were 
obtained from reports and contributions members the staff 
the Board Water Supply New York City, and the writers wish 
express their appreciation the assistance given them, particularly 
Members, Am. Soc. E., White, Assoc. Am. Soc. E., and 
Mr. Stebbins. 
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THE “LIGHT RAILWAYS” THE 
BATTLE FRONT FRANCE 


Synopsis. 

This paper describes the most recently developed method trans- 
portation the advance sector army. 

The organization and execution this work the American Army 
was almost entirely charge engineers from civil life, many 
whem were members the Society. The object this paper 
describe their activities and present the Profession one feature 


the many engineering works that were executed successfully 
the Americans France. 


The following notes are the results the writer’s experience and 
observation the construction and operation “Light Railways” 
while acting Major the Twelfth Engineers (Railway), A., 
assigned the British Army, and serving the Picardy front (see 
Fig. from August 21st October 27th, 1917, and from that time 
until December 16th, 1918, Chief Engineer the Department 
Light Railways the American Expeditionary Forces. 

The “Light Railway” was development the great war, and was 
gradually extended scope and importance until, the close hos- 


papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present the meeting, 
and may sent mail the Secretary. Discussion, either oral written, will 
published subsequent number Proceedings, and, when finally closed, the 
papers, with discussion full, will published Transactions. 


Formerly Lt.-Col., Engineers, A., St. Louis, Mo. 
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tilities, the mileage the lines ran into the thousands. These railways 
were among the principal agencies transportation, having been, 
fact, the link between the standard-gauge lines and the trenches. 

was found the British, 1916, that the transportation 
supplies, necessary for the dense concentration men the front, 
not. accomplished satisfactorily the highways, and that 
some supplementary means conveyance were necessary; therefore, 


MAP SHOWING 
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OPERATED BY 12TH RY. ENGINEERS \ 
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orders were given for the development comprehensive system 
“Light Railways” for the following primary reasons: 


relieve the highways traffic. addition the wear 
and tear motor transport and the excessive use gaso- 
line, the wear roads was leading heavy traffic 
road material, that large part the traffic hauled 
motor trucks was road material (crushed ‘stone gravel) 
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repair the damage which their own traffic was creating; 
and, consequently, there would great saving labor 
maintaining the roads other means transportation were 
developed. 

2d.—To assist rapid advance over shell-torn areas when the 
roads were useless for motor transport and little better for 
horse transport. 

convey road material for the rapid repair roads the 
destroyed zones. 


reduce manual labor the front. 


The lines were developed completely that, eventually, nearly 
all heavy material was transported the “Light Railways”, leaving 
the highways clear for light, fast-moving automobiles, trucks, and 
ambulances. 

The rail-head, terminus, the standard-gauge line was usually 
miles back the front line—far enough out range 
the enemy’s ordinary shell fire. Between the rail-head and the front, 
the standard-gauge line was generally destroyed enemy operations, 
oftentimes retreated. 

the rail-head were concentrated the supplies for certain sector, 
consisting ammunition, rations, forage, road material, building 
material, fuel, barbed wire, fence pickets, concrete material, culvert 
pipe, plank, track material, tools—in short, everything necessary for 
the sustenance troops and for their means offensive and defensive 
operations; and was the function the “Light Railways” carry 
these supplies the forward battery positions and front line trenches. 

The lines were also used moving troops the front, bringing 
back the relieved troops their rest areas and the wounded from the 
front, and extensive use also was made these lines salvage opera- 
tions. The extent which they were developed can readily 
expressed stating that for every mile front which army held, 
there were ten miles light railway supplying it. 

The gauge track used all the armies the Western front, 
including the German Army, was cm. in.), usually laid ft. 
the British and Americans. There was great advantage this uni- 
formity gauge, permitted interchange equipment among the 
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Allies and the immediate use the captured German tracks after 
successful offensives. 
general way, the characteristics the lines the different 
army fronts were similar. Grades and curves with radius 
were freely used facilitate rapid and easy construction. 
Embankments were made with 9-ft. crown cuts, with 14-ft. base 
sub-grade. 
The French track was built-up sections, long, the rail 
weighing kilos per meter, with steel ties, long, riveted the rail, 
The British used rail weighing per yd. certain amount 
track was laid short sections bolted steel ties, but the greater 
part was laid with rails least ft. long, wooden ties, in. 
ft. in., was found that track laid wooden ties was 
much more easily kept line and surface than that laid steel ties. 
The American track was generally constructed wooden ties, 
rail weighing lb. per yd., lengths. certain amount 
track built-up sections, with rail, long bolted steel ties, 
was kept hand for use the extreme front. Sections track this 
length could handled squad men and coupled without 
making any noise, and consequently were preferable for work near the 
Such sections also had advantages when building night. 
The German lines were built with rail weighing about lb. per yd. 
steel ties, bolted the rails. They were extremely well built, and 
reference the map (Plate showing the “Light Railways” 
the Verdun and St. Mihiel Sectors, will seen that they had 
greater mileage than the French and American Their exten- 
sive use these railways was due the fact that they were short 
rubber tires and gasoline, and could not depend motor transport 
the extent that the Allies did; but they were position develop 
steam railway transportation, they held the coal and steel districts 
France and Belgium. 

The Germans had one type built-up track, which had some advan- 
tages. One end the 5-m. section had pair bars with hooked 
projection, while the other end had the flange the rail bent up. 
laying track, the hooked bar engaged the bent-up flange the last sec- 
tion. This enabled the track connected the grade with great 
rapidity and without noise. Details this track are indicated 
Plate 
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The speed with which tracks could constructed the different 
Allied armies was practically the same. September, 1917, the 
British stated that the construction mile track, including ballast- 
ing, required 2100 man days labor. The “French Manual Light 
Railway”, issued April, 1918, states that their average had been 
per man per day, which equivalent 146 man days. 


Most Important AMERICAN LINE. 


the American front, the most important line, and the best con- 
structed, was the connection between the central shops and storage 
yards Abainville and the front line system the Sorcy rail-head 
(see Plate line 184 miles long, which the average speed con- 
struction was 640 man days per mile. this line, together with the 
shops and yards Abainville, and the Sorcy rail-head, most 
important light railway job constructed the American forces, and 
several interesting engineering problems were presented their con- 

struction, they will described some detail. 

When the American troops first went into the line the St. Mihiel 
Sector, the base from which their supplies were drawn was Toul. 
the French had troops the line immediately east the Americans, 
and were also using Toul base, became congested, and the 
French suggested that the Americans build independent rail-head 
miles west Toul, which was done. This rail-head had the 
necessary facilities for transferring material from broad gauge 
narrow gauge, and from car motor truck; also warehouses, plat- 
forms, etc. was regarded very convenient, and represents typical 
lay-out (see Plate 

From this rail-head the American forces built 60-cm. 
line Cornieville miles), where connection was made with the 
French system light railways radiating from Toul. They also took 
over the operation the French lines the west half the sector, 
St. Mihiel-Pont-a-Mousson. 

The location for the central shops and storage yards the “Light 
Railway” system was matter for careful deliberation. Many sites 
were examined and reported on, the objections most them having 
been that they were either too close the front, too far the rear, 
toe far the left, far the right. was necessary find 
location afford ample space for large yard, with standard- 
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gauge rail connection, and preferably canal connection well. was 
desirable also have location, least, km. back the front line, 
prisoners war could used they were kept back that far; 
however, the Americans did all their work with their own troops. 

Abainville, km. north Gondrecourt, was recommended the 
writer, March, 1918, suitable location for shops and yards, which 
recommendation was approved. Subsequent events proved 
most desirable location, was directly behind the St. Mihiel and 
Argonne fronts, which greater part the American operations 
were conducted. Abainville was km. back the line, and was not 
within the area usually bombed the Germans. 

The shops were designed for the repair “Light Railway” locomo- 
tives and gasoline tractors and for the assembly and repair freight 
equipment; and the yards were designed for the storage track and 
bridge material. The whole plant covered area 116 The 
track arrangement was such that material coming from the ports 
standard gauge was unloaded the storage yard and subsequently 
taken the front, required, the “Light Railways”. 

The shop buildings consisted the Austin type steel building, 
and were erected the American troops under the direction 
superintendent the Austin Company, who had been sent over for 
that purpose. The buildings were steel framework, boarded with 
lumber obtained France. The roof covered with pre- 
pared roofing. The buildings were generally ft. wide, 200 ft. long, 
and included erecting shop, machine shop, gas-engine and auto 
repair shop, planing mill, two storehouses, car shop, foundry, black- 
smith shop, power-house, and oil house. 


REQUIRED. 


the construction the line leading from these shops the 
Sorcy rail-head, was stipulated the French authorities, that there 
should grade crossings the standard-gauge railways and 
interference with navigation the canals. These requirements neces- 
sitated skillful location. 

The line was projected the French standard contour maps 
study which showed the feasibility line with grades 
not exceed per cent. examination the route showed that 
the necessary crossings standard-gauge tracks could made under 
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the main line viaducts through large culvert openings. These points 
were selected the governing conditions the location, and the line 
was run accordingly. was found that the French maps were 
extremely accurate—the summit elevations checked out exactly—the 
grade line and work was just what was expected. 

was necessary cross the Marne-Rhine Canal Void. The 
limited room for the 60-cm. line this town necessitated crossing the 
canal angle 68°, requiring span about ft. preserve 
the standard 6-m. width waterway right angles. Fortunately, the 
American engineers had some bridge stringers ft., which 
had been sent over from the United States. The writer designed 
counterweighted lift bridge (see Figs. and with this material, 
which could operated one man. This proved successful, that 
standard plan was made for lift bridges, and was expected that 
most the canal crossings could constructed right angles, com- 
plete bridge was built and kept reserve, the details for which are 
shown Plate IV. 

was necessary cross the main line the Chemin 
Fer and was near the junction the line from Gondre- 
court with the main line, four main line tracks were crossed (see Figs. 
and 7). The railway this place crossed over the canal, and the 
line was located cross the standard-gauge tracks and canal 
the same place. Fortunately, this crossing occurred cut, that 
the line could carried across with the minimum bridging. 

girders spans were available for this crossing, and was nec- 
essary design and build bridge with the available material. 
was found that two deck Howe trusses, with few bents trestle 
approach, would fit the conditions, give the necessary clearances, and 
would the most practicable type structure. These trusses were 
built 10-in. road plank, and each truss weighed about tons. 
There was locomotive crane working the yard, which could lift 
tons, that after the bents were erected, the trusses were picked 
the crane and set place few minutes. The whole bridge was 
framed and erected five days, with interference delay the 
traffic the standard-gauge lines. 

The Meuse River was also crossed this line. the place 
crossing the stream was 125 ft. wide, with ft. water, and had very 
little Pile trestles were used this case, shown Fig. 
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The main line the Chemin Fer was crossed the Meuse 
River bottom through overflow relief opening. view this 
structure shown Fig. which good example the splendid, 
beautiful, masonry structures which one sees everywhere the French 
railways. 

The types engines cars used these railways are shown 
herewith. The Baldwin engine would handle tons freight 
grade. The steam locomotives were not used the point where their 
smoke and steam would betray their presence the enemy; some little 
distance back from the front lines they would cut off, and the cars 
were handled the extreme front gas engine. The operating rules 
were extremely simple, and dispatching was done telephone. 
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Curve, minimum ft. in. (20 m.) 
Height coupler, rail center 163 in. 
Height, maximum above ft. 


Weight rear truck 


Water capacity 


i 
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Type 2-6-2 
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4-wheeled, 4-cylinder, 4-cycle, vertical, water-cooled 


Horse-power 


Height coupler, rail center in. 


sets speed change gears 


Draw bar pull Low gear, 3000 lb. 


Gaug 
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THE EAST CANYON CREEK 


Discussion* 


reports arch dams have been built with unit stresses varying from 


tons per sq. ft., down tons per sq. ft. They have also been built 
poor materials and have departed considerably from true arch form; 
but, notwithstanding, there record failure arch under 
water pressure. one knows how great loading from water pressure 
required break arch, and, therefore, not known where the 
danger point lies how near designs come. 

All ascertain the strength arch dams are based 
theory and individual assumptions which vary according the ideas 
the designer. other structures, the breaking point often known 
and thus basis established for intelligently applying factor 
safety, but, all cases, facts, demonstrated actual examples under 
use, finally govern. Why not frankly admit that there accurate 
knowledge stresses arches and adopt the simple for- 
mula for compressive strength cylinders? Authorities not agree 
the action any stress except compressive. will found that, 
for arches not exceeding compressive stress of, say, per sq. 
ft., none the requirements imposed the use numerous compli- 
formulas, all based assumptions, calls for any increase 
dimensions set the simple formula. 


Discussion the paper Parker, Am. Soc. E., continued from 
September, 1919, Proceedings. 


Author’s closure. 
Ogden, Utah. 
Received the Secretary, December 29th, 1919. 
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Why not recognize precedents established examples and adopt 
factor safety based the actual compressive strength the con- 
crete used?, This would more rational than rely calculations 
based unknown conditions must guessed at. From the 
published discussions “the one only conclude that 
designers have been proportioning arch dams individual judgments; 
or, that what amounts the end. 

There only one rational way ascertain, advance construc- 
tion, the strength concrete, and that fabricate actual concrete 
such intended use, mould into test specimens not less 
than in. diameter, that the specimen truly like the con- 
crete that will produced the job possible have it. Such 
test blocks compression machine not less than 400 000 Ib. 
capacity, 30-day intervals until months have elapsed, will give 
basis which use factor safety. 

The writer fully convinced that the East Canyon Creek Dam 
over conservative with its unit stress 12.5 per sq. ft. pro- 
like the one stated above would have resulted unit stress of, 
least, tons. the writer’s opinion that such stress could 
have been safely used designing this dam, with 
saving concréte. 

long the rock which the arch built good the 
concrete composing the arch, there nothing fear from water 
pressure but failure under compressive stress. There nothing 
fear arch from uplift pressure caused water finding access 
joints, just long concrete weighs more than water. The 
hydrostatic pressure completely balanced and resisted the 
arch; this produces definite compressive stress the concrete the 
arch, 

This definite and balanced loading wherein the arch dam differs 
from other arches and structures. There varying live load; 
must that have safer basis than most Ice 
thrust may guarded against simply dis- 


the ice more the arch, above and below the ice. 


The foregoing prompted reading Mr. Godfrey’s discussion* 
and wilk suffice indicate the writer’s opinion it. 
Mr, Fortier’s brings out some very interesting points. 


‘The development the idea for building dam successive stages 


well done; must remembered that its adaptability such 
practice that the arch differs from other forms dams. The idea 
using tangent structures the ends the arch for abut 


Am, Soc. E., May, 1919, 335. 
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upon the natural contour the canyon does not admit using, 
full arch or, other words, when the site does not admit the use. 
entire arch, form artificial canyon the proper: profile 
for arch means these gravity sectioned tangent ends, 
Mr. Fortier did not discuss the technical features the dam. 

Mr. Wiley’s discussion* gives interesting 
example the superior qualities arch dams. safe say that 
other form than arch can materials made withstand 
such abuse described the case the Crowley Creek Dam. 
notable that the unit stress reaches maximum 440 lb. per sq. in., 
more than tons per sq. ft. spite its imperfections and heavy 
unit stress, withstood severe conditions ice and floods. adds 
important and convincing testimony the increasing number 
examples abuse workmanship and heavy loading that arch dams 
can stand under. 

Mr. Wiley’s comments shaping the abutments radial lines 
states sound principle, but, this case, the work was carried 
out different way because peculiar conditions that may not 
again. The design was made contemplating radial lines for all 
such joints and contact points. 

was oversight that the cost cement was not included 
the cost concrete. The figures were made from the contractor’s 
final estimate which did not include the cement and was over- 
looked. The prices are all contract prices, and the actual cost the 
contractor the whole any item not known. 

Mr. Bellamy’s shows excellent example using 
arch for dam canyon too wide filled entirely the arch. 
application the principle well stated Mr. Fortier and 
shows, glance, the economy cutting out the center and most 
costly portion gravity dam and substituting the cheaper arch 
form, cheaper because of. less material the structure and much 
cheaper reason reduced excavation for the foundation. 
lating the simple formula section 100 ft. below the top, found 
that the unit stress from compression more than tons per sq. ft. 
Also, the materials are said poor; but still the dam does 
not fail. another argument for the idea that engineers are inclined 
too conservative building arch dams. 

Mr. Bellamy’s whole discussion points the wisdom, designing 
arch dam, following the method testing materials previously 
pointed out. Tensile tests briquettes cement and standard sand 
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are only tests the cement show how will behave with sand 
making mortar. The same kind test cement mortar made 
with other than standard testing sand only mortar test, and tensile 
that. None such tests more than rough, very rough, indication 
what may expected for compressive strength. The only true test 
one made large test blocks the actual sizes and proportions 
the aggregates used the concrete. 
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SEWAGE AND WASTES DISPOSAL FOR THE 
UNITED STATES ARMY 


sewage treatment plant adopted the Construction Division the 
Army for installation the Army camps and industrial plants during 
the war, radically different from that ordinarily encountered 
municipal practice that some discussion the principles underlying 
its design and operation seems warranted. 

Maj. Doten has described general way the outstanding features 
the standard sewage tank and the sections the tank shown Plate 
his paper give the details the structure. may said that 
some the details, particularly the rectangular sumps the bottoms 
the hoppers, are not typical the standard design and are not found 
any the tanks serving the larger camps. The sloping the 
inlet end the tank another feature not typical the earlier designs, 
having been adopted standard detail only after the recognition, 
the part the designing engineers the Construction Division, 
the presence such large quantities grease the sewage, and the 
necessity preventing the entrance this material into the tanks. 
The original plans included vertical baffles both the inlet and outlet 
ends, all compartments any one tank were equal dimensions, the 
slope the floors the hoppers was much flatter than that shown 


Plate IV, and there were sumps under the lower ends the sludge 
eduction columns. 


Discussion the paper Leonard Doten, Am. Soc. continued 
from October-November-December, 1919, Proceedings. 


Kansas City, Mo. 
Received the Secretary, December 22d, 1919. 
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operation, sewage enters the tank the water level and imme- 
diately deflected downward the inclined baffle. Particles grease, 
and débris, such match sticks, fruit skins, which float the 
incoming stream sewage, are caught front the sloping 
and may skimmed off frequent intervals, thus preventing the 
entrance such materials into the tanks. The downward flowing 
sewage passes under the baffle and into the first compartment where, 
owing the increase area the flow section and consequent decrease 
the velocity flow, the heavier particles solid material are de- 
posited. The lighter particles are carried the current under the 
vertical baffle the outlet end the first compartment, over the parti- 
tion weir wall and into the second compartment, where further 
sedimentation obtains. The same process repeated the third and 
fourth compartments, the effluent collected over the outlet weir into 
the effluent trough being practically free from suspended settleable 
solids. the repetition the sedimentation process, carried out 
four separate stages, which accomplishes such remarkable clarification 
the sewage. 

Many data are now available showing the results extended tests 


tanks several the larger camps, indicating the high efficiency 


this type sedimentation tank, and hoped that Maj. Doten will 
publish them before his work the Construction Division con- 
cluded. 

‘Coincident with the multi-stage sedimentation process the 
stage sludge digestion process which, unless the liquor the tank has 
been “soured” the products decomposition grease, has proceeded 
remarkable extent many the Construction Division sewage 
tanks. With the decomposition organic solids and the consequent 
evolution gas, particles organic material which have been deposited 
the inlet compartment are comminuted split the pressure 
the gas generated within them. The gas thus generated rises into 
the liquor above the sludge, carrying with partly digested particles 
sludge. The finer gas-borne particles rising into the liquor are 
caught the current sewage and forward, either re- 
deposited point nearer the outlet end the compartment than 
that from which they were lifted from the sludge, carried over the 
partition wall into the second compartment. The larger gas-borne 
particles ascend into the liquor above the sludge and continue rise 
until the attached charge gas liberated into the air, when they 
settle again the sludge layer. This process comminution and 
forward the partly digested solids continuing until the 
larger solids have been broken into particles sufficiently small 
the current over the partition wall into the second com- 
partment. 
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the second and each the succeeding compartments the 
process comminution, gas generation, and carrying forward the 
more finely divided particles continues, the final effluent from the 
tank being practically free from settleable solids, and the sludge 
the final compartment being well digested and easily 
dried sludge filters. 

The inclined baffle the end the fourth compartment 
designed backward toward the center the compartment the 
gas-borne particles that rise from the sludge deposits near the end 


-the chamber, thus preventing théir passing out with the effluent, even 


times when the digestive action this chamber progressing vigor- 
ously. 

The most striking points difference between the municipal sedi- 
mentation digestion tanks and the standard Construction Division 
tank include improved arrangements for sludge withdrawal, separate 
sludge eduction pipe being provided each the compartments, 
that sludge can withdrawn from any compartment; means the 
sludge pipes the accumulation sludge any compartment can 
transferred into any other compartment for further digestion; and 
means the water pipe connection into the sludge line, the sludge 
accumulation any compartment can thoroughly agitated. These 
features facilitate the operation the tank, the most important feature 
from this standpoint being the arrangement piping such way 
that sludge can transferred from one chamber another. Although 
the normal processes comminution and carrying forward sludge 
particles tend effect restoration sludge-storing capacity the 
inlet compartments the tank, sometimes happens that, periods 
excessive sewage flow, times when the digestive action the 
inlet compartment weak, the accumulation sludge this chamber 


becomes excessive, and necessary relieve the condition 


ferring the sludge one more the other compartments. 
Important differences exist between the secondary treatment units 
and the auxiliary structures the Army sewage plants and those 
similar type found municipal sewage plants. The dosing tanks 
for all plants constructed 1918 were designed for holding capacity 
equal the discharging capacity the filter nozzles for min., thus 
providing maximum length dosing period not exceeding min., 
maximum rate sewage flow. Several the dosing tanks con- 
structed 1917 were altered during 1918, their capacity being reduced 
this basis, remarkable improvement the filter effluent following 
each such alteration. Sprinkling filters were designed during 1918 
with effective depth ft., and with the exception few small 
ones treating sewage from Army hospitals, filters were constructed 
depth greater than ft. The areas the filters were designed 
the basis treating the sewage from 30000 persons per acre 
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filter, which approximately equivalent sewage flow per acre per 

The sludge filters, drying beds, were much shallower 
most municipal structures this type, the total average depth the 
filtering material being in., made in. crushed stone and 
in. sand. The filters for sludge drying were not 
floors, nor were the inner slopes the embankments paved. 
The under-drains consisted vitrified sewer pipe laid the depres- 
sions the subgrade, each under-drain serving area approximately 


ft. width. designing sludge filters, area sq. ft. per. 


capita population was allowed. This was found ample; 
fact, one case, the sludge from the sewage tanks was dried with 
difficulty very much less area per capita than that stated. 

Secondary settling tanks were provided very small number 
plants. These were designed with holding capacity about hour’s 
flow sewage. Where disinfection sewage effluent liquid chlorine 
was carried out, the secondary settling tank was provided with gas- 
tight concrete slab cover, water-sealed traps both inlet and effluent 
lines, and this tank the chlorine was applied the sewage. 

From January 1918, until March, 1919, the writer visited his 
official capacity nearly all the sewage treatment plants installed the 
Construction Division, well many plants installed other Gov- 
ernment agencies, and several municipal plants. Gross has been 
the neglect municipal sewage treatment plants—and every sanitary 
engineer knows that the operation most municipal plants has been 
characterized wanton neglect—the Army sewage plants fared even 
worse. During the latter part 1917 and the early part 1918, 
definite military organization had yet been formed which would have 
charge of, and direct the operation of, the various camp utilities such 
the water supply and distribution systems, the sewerage and sewage 
treatment. plants, ete. Not only was there skilled attention given 
these plants, but even the most obvious needs were neglected. Sewer 
manholes were used receptacles for cast-off clothing, kitchen garbage, 
and all sorts débris; sereen chambers, where these had been installed, 
were allowed clog and fill overflowing sewage tanks were permitted 
fill with accumulations sludge and and attempt was 
made keep the nozzles the sprinkling filters clear. Even the most 
casual inspection would have shown the serious need immediate 
attention. The one two plants, notably the one Camp Merritt, 
J., which were operated attendants who possessed some experi- 
ence the working sewage plants, were able handle the suddenly 
varying and often excessive loads which came them without any 
serious difficulty. 

Early the summer 1918, with the organization the Mainte- 
nance and Repair Branch the Construction Division, many sanitary 
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engineers were taken into this branch the service, and placed 
charge the operation the camp utilities. This arrangement 
brought about marked improvement the methods operation 
sewage plants, and the months immediately following its adoption 
many these plants were quickly brought into satisfactory operating 
condition. 

The writer has read with interest the discussion Maj. Doten’s 
paper which have been published recent numbers Proceedings. 
Some the opinions therein stated are apparently based observa- 
tions made during the spring and early summer 1918, when nearly 
all Army sewage plants were clogged and filled with grease, and 
many cases all digestive action the tanks had ceased, due the 
acidifying the liquid resulting from decomposition grease. 
this time, previously mentioned, effort had been made the 
part the local camp authorities protect the tanks from the exces- 
sive quantity grease discharged into the sewers from the camp 


and the enormous amounts débris and garbage which 


wantonly deposited the sewer lines. Under the better conditions 
resulting from the installation efficient grease traps and coarse bar 
sereens, and intelligent operation, the conditions have almost com- 
pletely disappeared. 

The writer questions the statement that efficient tank treatment 
may accomplished the so-called two-story tank, especially such 
tank were used for the treatment fresh, concentrated, grease- 
laden camp sewage. the conditions Imhoff tanks 
several the Army Aviation Fields covering the first half 1918 
not indicate that any considerable success was attained their oper- 
ation. fact, was found that these tanks were absolutely ineffi- 
cient both sedimentation tanks and digestion tanks. 

While admitting that the consensus opinion that the effluent 
from septic tank cannot treated processes bacterial oxidation 
—such filtration through trickling filters—as advantageously one 
which not effected the products decomposition sewage solids, 
the writer believes that the arguments advanced support this 
opinion are academic their nature, and are not borne out facts. 
the opinion that the results the series chemical analyses 
made the Bureau Chemistry the Department Agriculture 
both tank and filter effluents the Fort Myer plant, which were 
quoted Maj. Doten, indicate the fallacy this opinion. would 
appear, logical deductions from the results these tests, that the 
processes taking place the Fort Myer tank rendered the effluent espe- 
cially susceptible treatment trickling filter. Maj. Doten has 
apparently reached similar conclusion regarding the success attending 
the treatment the effluent from tank the Construction Division 
type trickling filter. Additional evidence supporting this conclu- 
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sion can undoubtedly collected study existing records 
chemical analyses such effluents, and hoped that Maj. Doten 
will present least summary the data found these records before 
the discussion his paper concluded. 


frst tank built the Construction Division the Quartermaster 


Corps which the writer had the good fortune inspect was Fort 
Myer, Va. was May and June, 1917. When his attention 
was first drawn it, was under construction, but was rapidly 
completed and placed operation. The writer’s opinion was that 
would act clarification tank rather than sludge digestion 
tank. Its remarkable efficiency settling tank impressed him 
especially remembers very distinctly, that the effluent 
was turned the sprinkling filters when they were little more than 
one-third filled with stone. that time, the effluent from the filters 
flowed through very small ditch showed evidence carry- 
ing unstable flow during his stay Fort Myer. 

the design this tank with McRae, Assoc. 
Am. E., that time, the writer did not believe that the 
advantage the pyramidal bottom was commensurate with its cost; 
was not sufficiently steep force the sludge down, although was 
too steep for men stand while cleaning the tank. 

After reading Maj. Doten’s paper and learning that attempt 
-has been made obtain efficient digestion these tanks, the idea has 
occurred the writer that probably better results might have been 
obtained the tanks had been constructed that the flow could 
reversed, horizontally. This has been done some recent designs 
Imhoff tanks and although the writer has not observed any consider- 

_able improvement, logical attempt, least,-has been made help 
operator over his difficulties. 

The writer cannot refrain from expressing his commendation 
Maj. Doten for not adopting some form the Imhoff tank 
standard the Construction Division. Due certain propaganda, 
almost all the laity and large percentage engineers regard the 
Imhoff tank panacea for all sewage ills. Indeed, was stated 
Sewage Plant Superintendents, that the design the Imhoff tank 
totally satisfactory method treating sewage had been obtained. 
Those who have had with the operation Imhoff tanks, mildly 
speaking, are skeptical such assertion. 

series investigations have been conducted en- 
deavor learn the cause “foaming”, what measures will stop 
prevent “foaming”. These have been almost fruitless. One investi- 
gation seemed indicate that when tank was placed operation 

Received the Secretary, January 2d, 1920. 
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liquefying bacteria; the sludge became acid and resulted 
ing”. the other hand plants placed operation during the 
spring early summer digested their sludge well before cold 
weather; the sludge was highly alkaline, sufficiently keep 
the digestive process going until warm weather again arrived. The 
number plants considered this investigation, however, was small, 
and mention made merely indicate how thoroughly the 
writer has gone into the operation Imhoff tanks endeavor 
secure uniformly satisfactory results. 

There has never been sufficient co-operation between the designers 
and operators sewage plants obtain the best results. would 
seem that the Army proved exception. been interested 
from both angles, the writer will not comment further: 

Early the war, the writer was assigned one the Aviation 
Fields, where the garbage problem was handled the duplicate can 
system. garbage cans were ever taken into the kitchen; they were 
kept screen-covered fly-proof platform some distance from the 
kitchen door. The wagons came alongside the platform, loaded the 
full cans without removing the covers, and hauled them away (in this 
case miles). cans were emptied there, scalded and rinsed 
boiling water, and returned the next day. The garbage was fed 
hogs. The entire process was arranged for and inspected the writer, 
who was Sanitary Inspector. 

The paper was collected and delivered the Quartermaster who 


‘looked after its baling and disposal. Although incinerator was 


provided, was not used. 

Each kitchen was supplied with which was cleaned 
every morning, the grease being stored barrels with fly-proof covers. 
The grease was afterward disposed by. the Quartermaster. 

The sewage treatment plant consisted septic tanks, contact 
bed, and final disinfection. The twin septic tanks were covered and 
had about hours’ flow, but due the fact that all the 
fiow was during hours the day, actual storage was somewhat 
less than hours when the plant was placed operation. Scum 
rapidly accumulated and reduced this storage half, resulting 
very inefficient arrangement. 

The contact bed was dosed siphon, but the bed was very small 
and the dosing tank very large, which resulted the bed becoming 
full before the dosing tank emptied; some each dose, therefore, was 
only strained instead aerated. 

There was final settling chlorine contact tank; the effluent 
from the contact bed was dosed passed under the chlorinator 
house. The chlorinator was Wallace and Tiernan Type “A” Manual 
Control machine which was designed for uniform flow rather than 
pulsating flow from contact bed. 


the autumn winter the low temperature inhibited the growth 
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The population contributing this plant was somewhat more 
than 1000, within 10% the estimated population. The daily per 
capita water consumption was approximately 140 gal., although four 
times that quantity was available and the sewage plant was certainly 
not designed for more than gal. The sewage plant was poorly 
designed and indicated little knowledge the water supply. 

The writer apprehended operating difficulties when the plans were 
shown him the Construction Engineer, and took the matter 
with Washington immediately, but the design was never changed. 
Although the Construction Engineer had build the plant accord- 
ance with plans and instructions from Washington, secured per- 
mission use about ft. sewer pipe for outfall line carry 
the plant effluent far enough away prevent local nuisance. 
this effluent flowed about five miles through open ditch, with almost 
dilution, before being discharged into the river, plain that 
some complaints would follow. was complaint, however, 
while the plant was under the writer’s observation, but seen that 
operation difficulties were present that: 


sedimentation was obtained; the sludge was not 
and was hard handle. 
contact bed operated merely strainer (analysis indi- 
cated that did good whatever). 
chlorinator and appurtenances were the wrong type, 
resulting inefficiency. 


relief was obtainable, and the operator was responsible for the 
quality the effluent. This constitutes the writer’s personal experi- 
ence with army sewage plant operation the United States. Although 
complaints were filed this case, the plant was far from efficient, 
fault for which the operator was not responsible. 

The experiences single observer are far too narrow for general 
statements; soldier sees only the details immediately before him, 
and never has opportunity obtain knowledge comprehensive 
plans the difficulties under which the officer Headquarters has 
contend. based entirely personal experience and observation, 
the writer’s opinion concerning the activities the Construction 
Division would entirely different from the fair estimate that has 
been made possible Maj. Doten’s paper. His experience was similar 
hundreds other officers and, doubt, the information contained 
this paper will throw new light some the critics the War 
Department. 
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WATER SUPPLY FOR THE CAMPS, CANTONMENTS, 
AND OTHER PROJECTS BUILT THE 
CONSTRUCTION DIVISION THE 
UNITED STATES ARMY 


Discussion* 


much indebted Col. Maury for this valuable paper. Indeed, the 
country indebted him and his and patriotic corps assist- 
ants comprising the Construction Division the Quartermaster 
Corps. 

Considerable courage was needed adopt low per capita daily 
consumption water gal. The writer positive that not many 
data were available concerning the water consumption soldier 
contradistinctive civilian; and could only have been Col. Maury’s 
extremely broad experience and ripe judgment that led him adopt 
economical and, the same time, adequate figure. 

The writer’s experience with the water problem the large can- 
tonments the United States has been that consumer only. 
was, however, for short time associated with the Aviation Section 
the Signal Corps one the fields under construction. This field 
was designed for six aero squadrons and proportionate medical and 
quartermaster detachments, total about 1018 officers and men. 
The maximum population during the writer’s stay was 066. 


Discussion the paper Dabney Maury, Am. Soc. E., continued 
from October-November-December, 1919, 


Easton, Pa. 
Received the Secretary, December 8th, 1919. 
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The water supply was lifted from four wells, about 300 ft. deep, 
into concrete reservoir; thence was pumped tank 135 ft. high. 
Aviation fields are usually located fairly level sites, and this field 
was exception. geological investigation indicated that the water 
entered the stratum outcrop about miles north the field; 
the quality was good. 

During construction the engineer was persuaded sink one well 
lower stratum, the quality the water from which was known 
excellent and was being used near-by large city. The well, 
however, would yield only about gal. per min. and was drawn the 
shallower stratum, the orders being sink four wells each yielding 
100 gal. per min. 

Thus, four wells were provided, each yielding 100 gal. per min., 
total capacity more than 500 000 gal. per day, for population 
about 1000. well would supply 140 gal. per capita per day 
which, incidentally, was about the consumption. The entire system 
was constructed cast iron and the tank was made steel. Although 
the writer advised emergency chlorinator, none was provided during 
his stay. During construction, when inferior quality water was 
being used, emergency hypochlorite plant had provided. 

The writer’s attention was particularly drawn the sanitary pre- 
cautions mentioned the paper. has always been enthusiastic 
advocate emergency chlorinators, especially where the water 
questionable quality, and believes that these were finally provided 
all the and camps this country. 

The covering reservoirs and tanks prevent pollution and the 
growth alge also very important. The writer had considerable 
difficulty obtaining materials for this purpose France; least 
one reservoir, that for Kerhuon Hospital Center, near Brest, was 
covered with canvas, after having been use for about one year. 

would instructive and interesting have discussion from 
some one ednnected with the Construction Division the Signal Corps, 
experience and activities that body during 
recent hostilities. paper presenting the work the Water Service 


France would also timely, and the writer trusts that such 
paper will written. 


Asa Am. Soc. (by the dis- 
cussion this admirable paper water supply for camps and canton- 
ments, which only briefly outlines the great work done Col. Maury 
and his staff, there should recorded, with just estimate its para- 
mount value, the remarkable rapidity with which results were achieved 
and putting into operation safe, adequate and reliable 
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water supply systems for these extraordinary military establishments, 
which results could only have been accomplished rare good judg- 
ment, reinforced instant decision and exceptional foresight. 
reading this paper one gets only glimpse between the lines these 
qualities which the success this great work depended com- 
pletely. 

Perhaps one the war expressions that will linger longest the 
minds many “quantity often Utopia not 
reached until after Armistice Day. should recorded, however, 
the annals Engineering, that all war activities none approached 
the great achievement the Construction Division the War Depart- 
ment instantly striding into quantity production from the day the 
organization was set up; and this could only have the 
extraordinary quality the personnel the commissioned officers 
Gen. Marshall’s staff. the remarkable results achieved, Col. Maury 
contributed much, and that was vital significance. 

many ways this work the water supply for cantonments and 
camps permanent value. The wide experience has given the 
use wood-stave pipe, standards lay-out and construction, safe- 
guarding water supply, and enlightening work the way fire pro- 
tection, has left the leaven sound practice the far reaches the 
country. 

Thus far, much the discussion this paper has been devoted 
consideration the unit allowance gal. per capita per day, and, 
there occurs lament the average pér capita daily con- 
sumption the larger cities. “One the greatest economic munic- 
ipal crimes the United States”, says Norcross, Am. Soe. 
E., his discussion,* “is the extravagant use water. city 
this emphasized more acutely than Washington, C., where the 
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daily consumption runs high 150 160 gal. per capita, and where 


practically 60% the total water furnished used Government 
Departments, for which direct charge made. The remaining 40%, 
which used the private consumer, bears the entire burden.” 

There much truth what Mr. Norcross says, and yet his data set 
forth the situation imperfectly that may well record, 
accurately now possible, some figures water consumption 
Washington. The average daily consumption for the fiscal year ending 
June 1919, was 428 356 gal. distributed about follows: 


Domestic (dwellings and apartments), 88% 


Large private consumers, all metered.......... 000 000 
Municipal buildings and 


Proceedings, Am. E., August, 1919, 651. 
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From this will seen that the domestic consumption 31% 
the total, large consumers 19%, municipal 5%, and the 
Government, per cent. The domestic consumption about gal. 


capita, and the total consumption about 142 gal. per capita. 


The total revenue from water rates for this fiscal year was 
$782 159.36, derived about follows: 


Domestic (dwellings and apartments) $560 000.00 
Large consumers 222 000.00 
Municipal 


None 
Government 


None 


Thus, seen that the domestic consumers pay 72% the total 
tax for 31% the water; the large consumers pay 28% the tax for 
19% the water; and the United States pays nothing for 40% the 
water. 

Now, quite apparent from these figures that Washington can 
lay claim pre-eminence the category “municipal crimes” 
this character. Whatever there may undue usage water, 
certainly cannot charged the domestic consumer, who modestly 
pays three-quarters the tax and receives one-third the water, 
the municipality. 

With this unbalanced adjustment, were not for the revenue 
derived from the large consumers, sufficient funds would not avail- 
able operate the Water Department, and, perhaps, this condition has 
permitted somewhat greater liberality usage the large private 
consumer, the only other source revenue, since the United States 
declines pay anything. tax municipal use must come from 
the taxpayer, and only means taking money out one pocket put 
into another and but little increase revenue would had this 
way, presents small opportunity for relief, although doubtless sound 
principle. 

The only large manufacturing establishments Washington belong 
United States Government. these, the Naval Gun Factory, 
the Government Printing Office, and the Bureau Engraving and 
Printing use about 40% the total Government consumption, the 
remainder being used other Federal establishments, such hospitals, 
laboratories, and offices. Much this usage may well considered 
wasteful, but the total must inevitably large. 

Probably other city the country has more evenly distributed 
domestic consumption throughout its population, that the average 
daily domestic consumption must considered quite low, when 
one takes into account the character the population, well the 
physical characteristics the National capital. 
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PRESSURES PENSTOCKS 
CAUSED THE GRADUAL CLOSING 
TURBINE GATES 


Discussion* 


discussion his paper, the writer desires, first all, make amends, 
far possible, for the injustice unknowingly done Mr. Allievi 
the reference his formula the diagrams and the text the 
paper. pointed out Mr. Halmos, the formula designated the 
writer Allievi’s only one several contained his complete 
work. While “ignorance excuseth none”, the writer can only plead, 
extenuation, that did not read Allievi’s work, because could not 
find English translation it, but was led believe, the frequent 
references “Allievi’s formula” English literature the subject, 
that the formula quoted was, fact, the one and only equation derived 
Allievi. The writer was the more completely led astray lengthy 
reference this formula paper published the Transactions 
the Society, from which could not but inferred that the author 
had read the work Allievi the original language. inconceiv- 
able how any one, having read it, could overlook the most important 
part Allievi’s work. 

The writer indebted Mr. Halmos and Mr. Kurtz for having 
brought light some further formulas Allievi, published the 
German and Italian languages. Mr. Halmos states that the writer’s 


Discussion the paper Norman Gibson, Am. Soc. E., continued 
from August, 1919, Proceedings. 

Author’s closure. 
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Mr. solution agrees every particular with that Allievi, and Mr. Kurtz 
The identity the results obtained the Allievi equations with 
derived from the writer’s may proved follows: 

Considering first Equation presented Mr. Halmos page 
555,* should noted that Mr. Halmos had the writer’s attention 
drawn mistake his definition (¢). This symbol stands for 
the ratio the instantaneous area discharge the area the pipe 
(not the area the gate-opening the time, 0). 

The two nomenclatures are follows: 


Halmos. Gibson. 
C=V 


page 556,* Mr. Halmos states that found the first 
interval, should substituted for (f) Equation (3), order 
obtain the value for every subdivision the second interval. 

the subscript the notation, the relation between 
and (f), may expressed the equation: 


Again, page 556,* Mr. Halmos gives: 
Substituting the subscript, and the writer’s notation for and 
and, similarly, 
Subtracting Equation (1) from Equation (2): 
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each term the writer’s general expression for now ex- 
panded terms then: 


and, analogy: 


and, cancellation: 
substitution the above values and reference the relation 


terms the paper, Allievi’s Equation (3), given Mr. Halmos 
page 555,* may written for any interval, 


and solving this quadratic: 


which the writer’s general expression, similar Equation (10) 
page for any time any interval. 

Mr. Kurtz has presented the general Allievi formula somewhat 
different form from that used Mr. Halmos, that the values 
are eliminated, and the labor computation thereby reduced. The 

equations, however, require more heed given “magni- 
tude and direction waves the computations” than the Allievi 
equations. Mr. Kurtz’s remark this connection, page 568,* prob- 
ably refers the explanation the work arithmetic integration 
which preceded the writer’s derivation his formulas. Mr. Kurtz’s 
Table arithmetic errors indicates merely the difference the results 
that might obtained two computers. The results given the 
Allievi formulas are identical with those the writer. 

The elimination from the writer’s equations and the inter- 
val points may accomplished the following manner: Referring 
the equations page the expression for may equated 
that part the equation remaining after has been substituted 


Proceedings, Am. Soc. E., August, 1919. 
Proceedings, Am. Soc. E., April, 1919. 


Mr. 


Gibson. 


> 
A 


Mr. 


Gibson. 


118 DISCUSSION PRESSURES PENSTOCKS 


Thus, general, 


this value substituted the writer’s equations place 


the value given the nomenclature page 188,* the labor 
solving problems the formulas will lessened. 

Mr. Johnson’s contains considerable amount new 
matter which will found most helpful solving problems the 
kind under consideration. His remarkably simple and concise presenta- 
tion the fundamental principles this subject and his derivation 


the expression for the ratio any time the rise pressure 


the net head, are particularly noteworthy and important. His chart 
limitations and general water-hammer chart for uniform gate- 
closure make possible, first, see glance Fig. 12, where 
safe apply the general logarithmic curve given Allievi’s Formula 
(4), which Mr. Johnson’s Equation (7), and, second, obtain from 


Fig. 13, the ratio pointed out Mr. Johnson, his 


Equation (7) covers wide range and will often 


found convenient use this equation wherever applies. 
Mr. Creager’s desire know more about the application 
water-hammer formulas pipes varying will appre- 
ciated every one who studies this subject. Needless say the 
problem complex one, but seems certain that the fundamental 
relations that have been developed herein can applied not only 
this but any water-hammer problem. The point brought out Mr. 
Creager that the friction head the gate not constant during the 


period worthy consideration, but the writer would suggest 


that the change friction head, being change pressure, cannot 
traverse the length the pipe rate faster than the velocity, 
any event, even though the friction head does vary during the interval 


periods, would seem that the net result throughout the closing time 
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Proceedings, Am. Soc. E., August, 1919, 559. 
Proceedings, Am. Soc. E., August, 1919, 570. 
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would that the friction and velocity heads are recovered propor- 
tionately the rate which the velocity flow destroyed. 

Near the top page 571,* Mr. misquotes the assumption 
made page 191+ the paper. The friction head the gate was 
assumed proportional the square the velocity flow, not the 
velocity “adjacent the gate.” 

During the past year many experiments pressure-rise have been 
made the writer with specially designed apparatus. Most the ex- 
periments, however, were made connection with his new process for 
the measurement the flow fluids closed conduits, and this work 
continued until late autumn, has been necessary postpone until 
next year the particular experiments that have been proposed show 
the relation between gate motion and pressure-rise covered the 
formulas. soon possible the results these experiments will 
made available for publication, and assembling the data Mr. Ander- 
son’s requestt for full particulars will remembered. 

reply the criticism Mr. may observed once 
that the vital importance including the initial static head among the 
factors that determine the maximum rise pressure, cannot con- 
sidered the same class “odd cents million dollar estimates”. 
The large increase water-hammer for low heads over that for 
high heads when the gate motion uniform, caused the influence 
the initial head. 

Mr. Warren cannot obscure the points issue clouding the 
discussion with conjectures whether uniform gate motion the 
gate motion has assumed, but not defined, “is nearer the average 
gate motion”. The vagaries gate motions are not under considera- 
tion, clearly stated page The problem considered the 
rise pressure following any given gate closure, and, for this purpose, 
deriving the formulas, uniform gate motion has been assumed. 
Diagrams non-uniform gate motion were shown and attention was 
drawn the effect such non-uniform motion the shape the 
pressure-time diagram. all practical cases, actual conditions will 
determined and, Mr. Johnson says, “the element judgment must 
enter Mr. Warren’s statement that his formula 
based certain prescribed shape the pressure-time diagram which 
may produced special, though undescribed, performance the 
gate, condemns his formula for general use, because impossible 
adapt any particular gate motion. Indeed, what says his 
own arbitrary diagram equally true any form whatever which 
gives value the maximum pressure-rise greater than the mean 


effective pressure-rise and which encloses proper impulse area. 


Proceedings, Am. Soc. August, 1919. 
Proceedings, Am. Soc. April, 1919. 
Proceedings, Am. Soc. E., August, 1919, 566. 
Proceedings, Am. Soc. E., August, 1919, 564. 
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For uniform closure, Mr. Warren’s formula always leads errors 
the wrong side, that is, gives less than the true value. the 
region, pointed out the paper, where approximately correct, 
and when the first interval small proportion the closing time, 
frequently ordinary cases, this formula gives result close 
the value the mean rise pressure which can determined the 


simple expression, 


Mr. Warren questions the assumption that pressure waves are per- 
fectly reflected from the slowly closing gate. The question implies 
misconception the nature the waves themselves. They are not 
substance that rebounds like rubber ball, but are conditions the 
water column various times different points along the pipe line. 
When wave started movement the gate, the water put 
into state super-normal pressure and remains this condition 
the gate until the wave has traversed the length the pipe the 
origin and back again. When the wave has returned the gate, the 
state super-normal pressure there converted one sub-normal 
pressure and the water there remains this condition until the wave 
has again traversed the distance the origin and back, whereupon the 
condition the gate again changes state super-normal pressure, 
and on. points along the pipe the changes condition occur 
the same sequence, except that state normal pressure exists 
for time between the periods super-normal and sub-normal pres- 
sures. When the gate gradually closing, the algebraic sum the 
innumerable infinitesimal waves (super-normal pressure being con- 
sidered positive and sub-normal pressure negative) fixes the, pressure 
that exists the gate any time during the closure. 

The authority for the assumption that the flow water the pipe 
does not affect the wave found page 176* the following 
quotation from Miss Simin’s translation Joukovsky’s work: 


“Tf the water column continues flowing, such flow exerts notice- 
able influence upon the shock pressure. pipe from which water 
pressure wave reflected from the open end the pipe, 
the same way from reservoir with constant pressure.” 


Finally, may stated definitely that, empirical rule for 
convenient use, Mr. Warren’s formula quite untrustworthy, and 
equation showing the relation between velocity destroyed and rise 
pressure, fundamentally and inherently wrong. 


Proceedings, Am. Soc. E., April, 1919. 
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MEMOIRS DECEASED MEMBERS 


will reproduced the volumes Transactions. Any in- 
formation which will amplify the records here printed, correct any errors, 
should forwarded the Secretary prior the final publication. 


CHARLES MATTATHIAS JACOBS, Am. Soc. E.* 


Diep SEPTEMBER 7TH, 1919. 


Charles Mattathias Jacobs was born Hull, Yorkshire, England, 
June 8th, 1850, and died his home Laugharne, South Wales, 
September 7th, 1919. 

was the ninth family fourteen born Bethel and Esther 
Jacobs. His father was member family long established Hull, 
well known and highly honored merchant that 

Mr. Jacobs was educated private tuition and, 1866, the age 
16, was articled pupil the arts mechanical and structural 
engineering with Messrs. Charles and William Earle, one the leading 
ship and engine building firms the northeast coast England. 
With this firm Mr. Jacobs served his five-year term apprenticeship, 
obtaining thorough knowledge all the trades involved ship and 
engine building, well the design engines and structures. 

This pupilage work was then the usual British system 
technical training. Throughout his long service professional 
engineer, Mr. Jacobs’ practical understanding of, and his judgment 
solving, engineering problems always reflected that early training. 

1871, the completion his apprenticeship, was sent 
Messrs. Charles and William Earle China put some bridges 
which they had contracted build and erect. 

his return England, Mr. Jacobs decided follow the profes- 
sion marine engineer and that end went sea the Merchant 
Service for between two and three years, the period necessary obtain 
the British Board Trade certificate First-Class Marine Engineer. 

1876 opened office Cardiff, South Wales, Consulting 
Engineer, specializing marine engineering. 

this same year married Frances M., daughter the late 
John Fry, Penarth, leading colliery operator and shipowner. His 
widow survives him. 

Soon after this, was appointed Surveyor Lloyd’s Register 
Shipping Cardiff, and held this office for few years. During this 
period became recognized expert and authority busi- 
ness which Cardiff and Newport stood pre-eminent, namely, the 
briquetting and consequent utilization, the slack coal-dust from the 
non-coking coals South Wales and Monmouthshire. 
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December 1885, was elected Member the Institution 
Civil Engineers. 1887, Mr. Jacobs removed London, where 
opened Consulting Engineer’s office partnership with Mr. Her- 
bert Barringer, under the firm name Jacobs and Barringer. This 
connection, which broadened the scope his engineering work, con- 
tinued until his death. 

1888, the late Austin Corbin, who was then President the 
Long Island, the Philadelphia and Reading, and the Elmira, Cortlandt 
and Northern Railroads, besides having wide interests other organi- 
zations and subsidiary companies, became deeply interested the 
possibility using the culm waste produced the crushing and 
sorting anthracite coal the fields the Philadélphia and Reading 
Coal and Iron Company. While Europe that year, Mr. Corbin 
consulted with Mr. Jacobs the possibilities this development 
and invited him come the United States, which did early 
1889. This was the beginning the long and close association between 
Mr. Corbin and Mr. Jacobs, which Mr. Jacobs became directly 
identified Consulting Engineer with all the engineering problems 
the various interests controlled Mr. Corbin. 

The most pressing problem that time was that improved 
terminal for the Long Island Railroad. Mr. Jacobs took the study 
extension the Long Island Railroad from its terminals Brooklyn 
and Long Island City. co-operation with Samuel Rea, Am. Soc. 
E., the Pennsylvania Railroad, developed plan for the exten- 
sion the Brooklyn lines tunnel under the East and North Rivers, 
which would give passenger connection direct the Pennsylvania Rail- 
road Company’s Jersey City terminal. One element these studies 
was the removal from Atlantic Avenue, Brooklyn, the surface tracks 
the Long Island Railroad. The preliminary studies and estimates 
for doing this elevating and depressing the railroad were made under 
the direction Mr. Jacobs, and the work was later carried out his 
partner, Davies, Am. Soc. E., Chief Engineer the 
Board for the Atlantic Avenue Improvement. This work, and the other 
studies made for the improvement the Long Island Railroad, initiated 
Mr. Jacobs’ connection with the rapid transit situation New York 
City. 

1891, Jacobs opened office Consulting Engineer New 
York City, his Chief Assistant being Mr. Davies, with whom later 
entered into partnership. The company was finally organized Jacobs 
and Davies, Incorporated, and continued without break until the end 
1916, when Mr. Jacobs retired from practice the United States. 

1892, undertook for the East River Gas Company the design 
and supervision, Chief Engineer, the construction tunnel 
having internal diameter ft. in. connect the company’s 
plant Ravenswood, Long Island, with the Borough Manhattan. 
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This tunnel starts the foot Webster Avenue, Long Island City, and 
ends the foot East St., New York City, passing under both 
channels the East River and under Blackwells Island. The work 
was notable achievement for Mr. Jacobs. Soon after the tunnel had 
been started, seam rotten rock giving direct access the river was 
encountered, the contractor abandoned the work and Mr. Jacobs took 
over behalf the Company, installed tunneling shield, and 
finished with his own forces after many and serious difficulties had 
been met and conquered. 

This was the first tunnel finished under either the North 
East Rivers, although others had been begun earlier date under 
both rivers. The air pressure used was very high, reaching per 
sq. in. (above the normal), and this believed the first case 
which extensive rock blasting was done under air. 

1895, Mr. Jacobs was appointed the bondholders the Com- 
pany owning the then unfinished and abandoned Hudson River Tunnel 
New York City, one committee three examine and report 
the condition and possibility finishing that work. result 
this investigation, and after long delay re-organizing the finances 
the old concern, new company was formed, under the presidency 
Mr. William Gibbs McAdoo, known the New York and Jersey 
Railroad Company, which took over the old work and carried the 
enterprise. This was the nucleus about which the present Hudson 
and Manhattan Railway System passenger railroad service between 
New York City and Jersey City has been built and which now acts 
the down-town New York distributing terminal the Pennsylvania 
Railroad and also the up-town and down-town New York terminals 
the Delaware, Lackawanna and .Western Railroad and the Erie 
Railroad. 

The design and construction this important system tunnels 
across the North River and New York City and Jersey City, involv- 
ing many unprecedented problems both regards design and execution, 
were carried out for the company Mr. Jacobs Chief Engineer, 
with his own designing, engineering, and construction The 
construction this system, stands to-day, was finished 1910. 
the completion the “Old North Tunnel”, begun 1874, and 
dogged persistent ill luck until Mr. Jacobs took over the work 
1902, the conquest the North River was achieved, and Mr. Jacobs, 
all his always looked back with the greatest pride the 
fact that March 11th, 1904, was the first man have crossed, 
dryshod, beneath the great North River, from New Jersey New 
York City. The work tunneling the North River for this company 
was described Mr. Jacobs paper* presented the Institution 
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Civil Engineers February 22d, 1910. For this paper, the Council 
the Institution gave him its premier award, the Telford Gold Medal. 

1898, Mr. Jacobs prepared the plans and specifications and 
awarded the contract for the Tredegar Dry Dock Newport, Mon- 
mouthshire, the western side the River Usk. This dry dock 708 
ft. long and ft. wide the entrance. can take ship 
tons, and divisible two sections middle gates, that two ships 
7000 tons each can docked the same time. Many serious 
difficulties, due the nature the ground, were met and successfully 
overcome and the work* was finished 1903. 

The other great New York project with which Mr. name 
will forever linked that which brings into New York City the 
terminal the Pennsylvania Railroad. impossible here 
more than mention that Mr. Jacobs was the Chief Engineer the 
North River Division this work, and thus had direct charge the 
designs and construction all that part which lies between the 
Terminal Station and the Western Portal the tunnel through the 
Bergen Hill. The length the Division 14280 ft., all tunnel 
and all providing for two lines track. The material penetrated 
ranged from the softest silt the hardest trap rock, with every possible 
variety lying between the two. The work described fully papers 
Messrs. Raymond, Jacobs, Noble, Gibbs, and members the 

Mr. Jacobs’ own papert describes fully his personal connection with 
this work dating from his consultation London 1901 with Mr. 
Cassatt, then the President the Pennsylvania Railroad. This paper 
contains also most interesting sketch the events which preceded 
and led the inception this great scheme. One thing, however, 
must made clear only touched upon most lightly his own 
account, and that is, that without the assurance given Mr. Jacobs’ 
invention provide support, such should found necessary the 
North River silt, for the structure and tracks tunnels, internal 
bridge construction within the tunnels themselves, supported piers 
piles sunk firm foundations, unlikely that the management 
the Pennsylvania Railroad would have ventured the uncertainties 
building the great main line tunnels this silt. Protracted and 
exhaustive tests during the construction period proved that these 
supports were not needed, but the value their conception 
assurance those who planned this bold feat cannot over-estimated. 

Both these undertakings, involving the crossing the North 
River six different tunnels, were carried out Mr. 
Jacobs between 1901 and 1910. Many the problems were literally 
unprecedented, and the pioneer solution these Mr. Jacobs brought 

Minutes Proceedings, Inst. E., Vol. CLXVII (Paper No, 3646). 
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his ever practical viewpoint, his convincing personality, his indomitable 
perseverance, and the keen edge his enthusiasm. 

Many other works large size and great difficulty have been carried 
out under Mr. Jacobs’ general direction, among which are the following, 
stated more less chronological sequence. 

was closely identified with the oil industry and built many oil 
storage installations Great Britain and elsewhere, one which was 
pipe line for the Burmah Oil Company from Rangoon Yenangyat. 
This line consists about 270 miles 10-in. and miles 4-in. pipe, 
between the wells and the seaboard, together with pumping stations 
and tank equipment. The surveys were made 1902 and the installa- 
tion was finished 1908. 

From 1907-11, had charge, Consulting Engineer Messrs. 
Daydé and Pillé, Contractors, the tube tunnels driven shield 
under compressed air below the River Seine and the Place 
Concorde, Paris. 

From 1910-15, the construction the Astoria Tunnel, ft. 
long and 275 ft. below the waters the East River, was accomplished. 
This tunnel used contain two cast-iron mains, ft. diameter, 
which gas conveyed from the plant the Astoria Light, Heat, and 
Power Company East 132d Street, The Bronx. This tunnel 
ft. cross-section and gave rise what was probably the worst 
problem tunneling under normal air pressure yet presented 
New York City. This work, which was designed and carried out Mr. 
Jacobs’ own forces, has been fully described.* 

From 1910 1913, the construction the Hales Bar Lock and Dam 
across the Tennessee River near Chattanooga, Tenn., was carried out 
Mr. Jacobs’ firm. this case, order obtain secure foundations 
limestone rock, with caverns and pockets, very large 
caissons had sunk under pneumatic pressure. 

1912-13 the construction the Laxaxalpam Aqueduct Tunnels 
the Mexican Light and Power Company was completed Mr. Jacobs’ 
firm with its own forces after the work had been standstill 
certain essential portions, owing the severe physical difficulties, for 
more than year. This work comprised total length miles 
tunnel mountainous part the State Puebla, Mexico, and not- 
withstanding serious physical difficulties, due both the geological 
formations and the remote and mountainous nature the country, was 
finished within the time 

Mr. Jacobs’ practice kept close touch with marine work the 
end, particularly ship and engine building. was responsible 
for the building some tank steamships and more than 100 cargo 
and other 


Transactions, Am. Soc. E., Vol. LXXX (p. 594). 
Minutes Proceedings, Inst. E., Vol. CC, 345 (Paper No. 4123). 


| 
| : 
4 
2 
y 
A 
4 
4 
3 
P 


126 MEMOIR CHARLES MATTATHIAS JACOBS Memoirs. 


Some the large projects which fathered, with which was 
connected, are the following: 

The railway which the Long Island Railroad would 
cross tunnel under Long Island Sound and connect with the Housa- 
Railroad. This would have given route Boston, via the New 
England Railroad, and was thought would form rival the New 
Haven Railroad System. The absorption the New England lines 
the New Haven Company stopped this project. 

the same time, however, the contemplated scheme 
suitable terminal station New York City, Manhattan Island, in- 
volving the crossing the East River, with yards and terminal 
adequate for the operation, not only the local the Long 
Island Railroad, but also the through business this projected line 
with its connections. Studies were then made the feasibility 
tunnel crossing the vicinity the existing Long Island Railroad 
Terminal, Long Island City, but then appeared that the cost 
such necessary terminals the East 34th Street district would 

this juncture, Mr. Corbin was offered the late Dr. Thomas 
Rainey franchise held for bridge structure cross the East 
River between Ravenswood, Long Island, and the foot East 64th 
Street, New York City. After extended negotiations and investigations, 
this franchise was taken interests associated with the Long 
Island Railroad, and notwithstanding the withdrawal the New 
England connection problem, was considered that the plan develop- 
ment was necessary the extension the Long Island Railroad itself, 
and, consequently, Mr. Jacobs was instructed proceed with the con- 
struction the bridge, terminal, and connections. This work was 
actually and actively commenced. Foundations for three main piers 
the bulkhead lines the two channels the East River were built, 
and contracts for the masonry and superstructure were awarded, when 
the accidental death Mr. Corbin 1896 suspended all activities, 
which were never renewed. The appointment Mr. Baldwin, 
Jr., President the Long Island Railroad, re-opened the study 
the possibility terminal which would connect the Long Island Rail- 
road with the Pennsylvania System, which, that time, had con- 
templation the construction North River Bridge entry into New 
York City. The later history this development and Mr. Jacobs’ con- 
nection therewith are stated the the Society. 

The development Fort Pond Bay Montauk Point terminal 
for the trans-Atlantic steamship 

The study and report for the French Government railway 
tunnel cross the Seine near Havre connect the State Railways 
either bank. 
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The study and report for the Moscow-Kazan Railroad the crossing 
tunnel the Volga River near Nijni-Novgorod. 

The report large reclamation projects for Bombay, India. 

The reports rapid transit development Montreal, Que., and 
Toronto, Ont., Canada. 

his personal appearance, Mr. Jacobs was man striking 
and manner and poise most impressive. engineer 
combined technical knowledge and good judgment, based his long 
experience, with administrative and executive ability the highest 
order. Many his most important works were carried out without the 
medium contractor, with engineering and construction forces 
organized and directed him for the owner. His courtesy and con- 
sideration each his numerous assistants and subordinates the 
many projects undertook during his busy life were never failing. 
Each his staff felt that service under him was valuable experi- 
ence, and his magnetic personality inspired his men with loyalty 
and enthusiasm which bound them him and his work with bonds 
stronger than steel. 

his private life, Mr. Jacobs showed the same charming per- 
sonality and magnetism. made enemies, but many close friends 
who were warmly and loyally attached him. Writing him, one 


his old friends, learned and honored Justice the Supreme Court 
New York, says: 


“So many incidents our long association come back and 
through all appear the cool, courageous, cheerful methods our dead 
friend. was first stranger strange land, but not for long. 
His knowledge men, his courtesy and perseverance made 
their mark the community. Tunnels under the rivers are common 
things nowadays but the pioneers had struggle hard make the 
financiers twenty-five years ago appreciate the necessity and value 
great name for himself his profession.” 


had been Member the Institute Mechanical Engineers 
since 1876 and Member the Institution Civil Engineers since 
1885. was one the early members the Engineers’ Club New 
York, and had been number clubs New York City 
before retired from active business there 1916. London, 
maintained his membership the City London, the Royal Automo- 
bile, and the Royal Societies Clubs. 

During the World War, Mr. Jacobs was very proud have been 
associated with the production ammunition and ordnance 
member Local Production Committee the South Wales District. 

Mr. Jacobs was enthusiast the development and use motor 
cars. was one the early owners steam wagon and operated 
the various types they appeared. his religion was member 
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the Church England. His home for many years before his 
death was “The Old Rectory House” Wimbledon Park, near London. 
This was ancient and beautiful Elizabethan house which enlarged 
and modernized. During 1919, had bought summer home, place 
Glan-y-mor, Laugharne Caermarthenshire, South Wales, 
which was ready for him the beginning September. had only 
been this house for few days when died result cerebral 
hemorrhage. His last conscious thoughts were for those near and dear 
him, and left his long journey with the same calm courage 
which had always been his. was buried St. Augustine’s, 
Penarth. 

His loss' leaves gap which his friends and associates will not fill 
with his equal, and there not one who knew him who will not remem- 
ber him inspiring leader, great engineer, and thorough man. 

Mr. Jacobs was elected Member the American Society Civil 
Engineers May 4th, 1904. 


CHART SMEAD, Am. E.* 


28TH, 1919. 


Raphael Chart was born Washington, C., October 
25th, 1859. His father, the late Capt. Smead, was graduate 
West Point, soldier the Civil War, and was killed the Battle 
Bull Run. His grandfather, the late Capt. Smead, Corps 
Engineers, Army, who was also Army officer, was killed the 
Mexican War. 


After his preliminary education the schools, Mr. Smead 


studied under private instructor for one year. 

1878, was employed Rodman and Instrumentman making 
railway surveys the Union Pacific Railway and remained this 
work until 1880. Between 1880 and 1881, was engaged Instru- 
mentman the Baltimore and Ohio Railroad; between 1881 and 1882, 
Assistant and Resident Engineer construction the Norfolk 
and Western Railroad; between 1882 and 1883, Resident Engineer 
the Grafton and Greenbrier Railroad; and between 1883 and 1885, 
Assistant and Resident Engineer the Baltimore and Ohio Short 
Line Railroad. 

May, 1885, Mr. Smead was appointed United States Assistant 
Engineer the office the Washington Aqueduct, District Colum- 
bia, where remained until August, 1905. During that time, was 
engaged the work building the dam Great Falls and the tunnel 
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between the Georgetown and Park Reservoirs, and Super- 
intendent Maintenance and Operation the Washington Aqueduct. 

August, 1905, was transferred the Dallas Engineer District 
where was employed Assistant Engineer until October, 
1917. From October, 1917, February, 1919, served Dis- 
trict Engineer, Galveston, Tex., and from that date until Novem- 
ber 28th, 1919, Principal Assistant Engineer the Galveston 
District. 

1918, Mr. Smead was commissioned Major the Engineer 
Officers’ Reserve Corps, but was never called active duty. 

was man pleasing personality. and social disposition, who 
made friends easily and was liked and respected all his associates. 
died very suddenly while engaged his regular official duties and 
survived his wife and one daughter. 

Mr. Smead was elected Member the American Civil 
Engineers, February ist, 1905. 


GEORGE HIPPESLEY STANLEY STEPHENS, Am. E.* 


13TH, 1918. 


George Hippesley Stanley Stephens, the eldest son Frederick 
Orlando Stephens, now The Homestead, Orangezicht, Cape Town, 
South Africa, was born Norwich, England, November 20th, 
was educated Tunbridge Wells, England, and the Diocesan 
College, South Africa. was articled his father, Civil Engineer 
from 1900 1905. 

From 1901 1908, Mr. Stephens was engaged Field Assistant 
and Assistant Engineer Messrs. Pauling and Company, Limited, 
London and Cape Town, the surveys and construction work 
connection with the extension the New Cape Central Railway 
Mossel Bay, Cape Colony, South Africa, and the Stuartstown Rail- 
way Natal. 1908 and 1909, was employed the same firm 
Assistant Engineer the survey the Bwana Mkubwa (“Star 
Congo”) Railway, from the Bwana Mkubwa copper mine, North- 
western Rhodesia, the “Star the Congo” Mine, the Congo State. 

1909 and 1910, Mr. Stephens served Assistant Engineer 
the construction the Bwana Mkubwa and Broken Hill Railway, 
Northwestern Rhodesia, and from that time until the early part 
1911, was engaged First Assistant Engineer the survey the 
Mazoe Railway, also Rhodesia. 


Memoir prepared the Secretary from information file the Head- 
quarters the Society. 


4 
4 


130 MEMOIR GEORGE HIPPESLEY STANLEY STEPHENS 


From 1911 1917, was employed the South African Railway 
Administration the construction the railway extension from 
Caledon, Upington, and Carnarvon, and, from that time until his death 
which Paarl, South Africa, October 13th, 1918, Mr. 
Stephens was engaged various surveys and investigations for irri- 
gation projects for the Department Irrigation the Union 
South Africa. 

Mr. Stephens’ untimely death, from 
influenza, the age 36, came painful shock his professional 
associates and his wide circle friends many parts Southern 
Africa. all them was the soul friendship, and there must 
still many who, the course the lonely journey which entry 
the Congo from the south was made before the construction the 
railway was completed, can recollect his warm welcome and generous 
hospitality their way through the illimitable veldt. His largeness 
heart indeed was his chief characteristic, and, with it, there went 
cheerfulness and constancy that braved every trial, shining even 
more brightly when the final command came for him, too, “pass 
over”. 

The thorough training which Mr. Stephens had enjoyed under all 
South African conditions, had eminently fitted him for the 
highest positions the service which was finally attached, and 
his early death will prove loss the Union had made 
his home. 

Mr. Stephens was married 1916 Grace Winifred Taylor, 
the only daughter Charles Taylor, Paarl, who survives him after 
brave struggle with the epidemic which, October, 1918, swept 
through South Africa. 

Mr. Stephens was elected Associate Member the American 
Society Civil Engineers December 5th, 1911. was also 
Associate Member the South African Society Civil Engineers. 
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THE AMERICAN Society ENGINEERS: 


The Special Committee Report Stresses Railroad Track 
herewith presents its second progress report. 


was stated the first progress report under 
date November 3d, 1917, the Committee has been co-operating with 
the Special Committee Stresses Track appointed the American 
Railway Engineering Association since the organization the Joint 
Committee, June 3d, 1914. the Committee the American Railway 
Engineering Association consists the members the Special Com- 
mittee the American Society Civil Engineers, eighteen all, and 
three other members the American Railway Engineering Association 
who not hold membership the American Sociéty Civil Engi- 
neers, the work, with the authorization given the two Societies, has 
been carried one committee. This report presented simul- 
taneously the two Societies. recognition the financial support 
given the Committee, the report also being presented the American 
Railroad Association. 

was early realized the Committee that adequate report 
stresses railroad track must based largely experimental data 
derived from extensive tests standard railroad track, and that 
view the complexity the action track under load and the 
variability the conditions found track and load the work 
conducting experiments and reducing the data would necessarily 
require large amount time and effort: important element 
the work, which has involved expenditure time, effort, and money, 
has been the development methods conducting the tests and 
devising the instruments and apparatus. has been recognized from 
the start that obtaining data the action track under the varia- 
able conditions both track and load, great refinement method was 
not possible and was important make tests under conditions rail- 
road service nearly normal possible, utilizing also course 
the data laboratory investigations where conditions would not per- 
mit satisfactory experiments the field. 

The first progress report the Committee was published the Soci- 
ety Vol. 1191, the (1918) and also 
the Proceedings for January, 1918, 55; also Vol. the 
Proceedings the American Railway Engineering Association (1918) 
and Bulletin No. 205 the Association. this first report the 
action the track elastic structure discussed and method 
analysis for determining the effect single wheel loads and com- 
binations wheel loads developed; the method conducting the 
tests and the nature the instruments used are described; and the 
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tests determine the stresses rail developed static loads and 


moving loads under variety conditions track and load 


described and the data discussed. particular, the results with 
several types locomotive running variety speeds rails 
several weights are given some detail. Track depression and rail 
profiles under variety loadings are presented, and the properties 
track elastic structure determined for variety conditions 
are reported. The report relates principally stresses rail and 
the general elastic conditions the track. 

Conditions existing during the war greatly impeded the progress 
the work the Committee, and course only such work was under- 
taken could done without interference with any activity agency 
helpful the the war. Even since the war closed the 
conditions have been very unfavorable for carrying experimental 
work. The limitations relate both the use railroad equipment and 
the supply assistance for continuous work. 

The work reported herein includes the results tests with one 
type freight locomotive and one type passenger locomotive the 
St. Louis-San Railway determine stresses rail rela- 
tion speed and counterbalance effect, and also the results similar 
tests with one type freight locomotive the Central Rail- 
report gives the results tests the Central 
Railroad and the Chicago, Milwaukee and St. Paul Railway deter- 
mine the depression track under given loads and find the depres- 
sion and flexure ties and their action under load for variety 
conditions found track. The tests conducted the Laboratory 
Applied Mechanics the University with view finding 
the methods and principles involved the transmisson pressure 
from one more ties downward and laterally through ballast mate- 
rials are reported and analytical consideration the transmission 
pressure given. The report presented under the following headings: 
Tests Determine the Effect Speed and Counterbalance Stresses 
Rail; Track Depression; Depression, Flexure and Bearing Pressure 
Cross-Ties; and Transmission Pressure Ballast. 

The Committee continuing work the subject assigned it. 

for use carrying the work 
the Committee have been taken from the contributions made the 
United States Steel Corporation, the Bethlehem Steel Company, the 
Lackawanna Steel Company, and the Cambria Steel Company, acknowl- 
edgment which was made the first progress report. The Com- 


mittee wishes express appreciation the appropriation fund by. 


the American Railroad Association for its use 1919 and 1920. 

The co- railroad companies furnishing facilities for 
the test work has itself been large contribution. The Illinois Central 
Railroad, Baldwin, Am. Soe. E., Vice-President, and 
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Thompson, Chief Engineer, gave the use its tracks and locomo- 
tive, cars, and crews for the tests made north Champaign, The 
St. Louis-San Francisco Railway, Jonah, Am. Soc. E., 
Chief Engineer, and Hendricks, Am. Soc. E., Acting Chief 
Engineer, gave the use track, locomotives, and crews for the tests 
made near Springfield, Mo. The Chicago, Milwaukee and St. Paul 
Railway, Loweth, Am. E., Chief Engineer, gave the 
use track, locomotives, cars, and crews for the tests Deerfield, 
and Libertyville, 

War conditions have made difficult maintain corps for the 
work—all who had formerly been engaged the work went into war 
service. Mr. Thomas, who, Assistant Engineer Tests, had 
been connected with the testing operations from the beginning, was 
direct charge the field work the tests the St. Louis-San Fran- 
cisco Railway, but was soon after called into Government war service. 
Mr. Ensign, Associate Theoretical and Applied Mechanics 
the University conducted the field tests the 
Central Railroad and the Chicago, Milwaukee and St. Paul Railway 
and has rendered important service the supervision reducing the 
data track depression and tie flexure and interpreting the results, 
well other parts the work. Mr. Enger, Professor 
Mechanics and Hydraulics the University has been respon- 
sible for the experimental work transmission pressure ballast; 
his previous study transmission pressure granular materials 
brought this work experience which has made possible carry 
out the laboratory investigation transmission pressure through 
ballast satisfactorily. given Professor Enger for inter- 
preting the data the tests with ballast and analyzing the problem; 
chiefly responsible for the chapter “Transmission Pressure 
Ballast”. Mr. Cress, Assistant Engineer Tests, since Janu- 
ary, 1919, has given very service the preparation mate- 
rial for the report and the study and interpretation data—his 
thoroughness, familiarity with details, and keen grasp the prob- 
lems have been very helpful. Others have assisted the work from 
time time and all have given loyal and careful service. 

The University Illinois has continued co-operate the work 
giving the use laboratory, shop and office facilities and through 


the service members the staff the Engineering Experiment Sta- 
tion from time time. 


DETERMINE THE EFFECT SPEED AND COUNTERBALANCE 


the first progress was stated 
that analysis alone can give little real information the important 
subject the effect speed locomotive and train increasing the 


] 


stresses track, and that reliance must placed upon experimental 
data determine the influence which speed exerts this matter. The 
stress rail with increase speed found from the tests 
reported was given general way for points and between the 
wheels the six locomotives used the tests. detailed study the 
effect speed was made, however, and the conditions the tests were 
such that the effect the counterbalancing the locomotives was 
masked not brought out. For simplicity test and avoid the 
introduction variables which had bearing the problems then 
under consideration, all the runs the tests reported were made with 
the counterweight the front driver its lowest position passed 
the middle one the three instruments placed one rail. The result 
this arrangement was that the counterbalance effect existing differed 
for the several instruments and for the several wheels, but the stresses 
found any wheel were approximately the same the average stress 
throughout the revolution the wheel, though probable that for 
some drivers the values found were somewhat larger than this average 
and for others somewhat smaller. systematic variation due posi- 
tion counterweight was found the results. 

pursuance the programme the Committee, tests have now 
been made find the variation stress rail throughout the revolu- 
tion the drivers and attempt separate some measure the effect 
counterbalance from the effect speed alone. doing this, was 
thought best include type locomotive which difficulty has 
been found placing the desirable amount counterweight the 
main driver but which, instead, the deficiency counterweight 
has been added the other drivers, making badly balanced locomo- 
tive. The use this class locomotives had caused considerable injury 
the rail the railroad company; these locomotives were thought 
therefore extreme the effects speed and counterbalance. 
The counterbalancing the other types locomotives used, the Pacific 
and the Mikado types, not difficult problem design. The use 
the Mikado type locomotive also permitted the tests connected 
with the tests previously made the Illinois Central Railroad. 

The tests were conducted the manner described the first 
progress report for moving-load tests, the strains the rail being meas- 
ured with the stremmatograph. 

4.—The Problem Counterbalancing the attempt 
made this report far into the analytical side the problem 
the counterbalance and its effect track. brief review the 
method calculation commonly used and the terms herein employed 
may advantage the reader. treat the matter thor- 
ough manner would involve long and complicated mathematical 
analyses and examples and would require the number 
elements which there seems not agreement. 
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The moving driving parts locomotive are usually divided into 
reciprocating parts and (b) rotating parts. The reciprocating parts 
include such parts the piston and piston rod, cross-head, and por- 
tion the main rod (connecting rod). The rotating parts include 
crank pins, crank pin hubs, side rods, the portion the main rod 
considered contribute rotational effects, The motion these 
reciprocating and rotating parts produces dynamic effect the loco- 
motive and track, and designing the locomotive, the attempt made 
counterbalance such way reduce the dynamic effect, far 
may seem practicable, adding weight the 
drivers location opposite the crank pin. 

help clearness expression, the following distinction between 
counterweight and counterbalance will made this report. 
terweight will used the weight applied added the driver 
point opposite the crank pin for the purpose balancing helping 
balance the rotating and reciprocating parts. The terms underbal- 
ance and overbalance will used for the deficiency and the excess, 
respectively, the counterweight compared with that necessary 
balance the rotating parts balance the rotating and recipro- 
parts. The term counterbalance will used indicate the 
given driver. The term counterbalancing will applied the gen- 
eral problem endeavoring balance the rotating and reciprocating 
parts. 

The vertical effect lack balance the rotating parts 
decrease the pressure the drivers the rails and 
vary the pressure upward the equalizer bars and the frame the 
locomotive. lack balance for the reciprocating parts has little 
direct effect the vertical pressures the rail the high and low 
position the counterweight, though due the acceleration the 
piston and cross-head may have modifying influence the 
main driver certain portions the revolution the driver. lack 
balance for the combination reciprocating and rotating parts 
produces strains the locomotive frame and horizontal movements 
the locomotive such nosing. Underbalance and overbalance produce 
similar effects. evident that the counterbalance cannot made 
produce both the minimum vertical effect and the minimum hori- 
zontal effect. The methods use attempt compromise between the 
The practice locomotive design counterbalance for all 
rotating parts and for portion the reciprocating parts, the propor- 
tion the latter varying from one-half two-thirds. evident, 
then, that far vertical pressure track concerned, this prac- 
general overbalancing the rotating parts. 

some types locomotive other difficulties are found. The diam- 
eter driver may small and the weights the rotating and 
reciprocating parts great that there not space the main driver 


q 
i 
| 
| 
j 
| 
| 
| 
| 
| 
4 
4 
) 
5 


STRESSES RAILROAD TRACK 141 


place the necessary counterweight even lead used for the pur- 
pose. such cases the practice place much counterweight 
the main driver practicable and make the deficiency 
placing extra amount counterweight the other drivers, dividing 
this amount equally among these drivers. The result that the main 
driver may underbalanced even for the rotating parts and the other 
drivers will have their overbalance for rotating parts increased. The 
effect the track structure may very marked, even though the effect 
the locomotive itself may not noticeable. 

Another counterbalancing device sometimes used such type 
locomotive counterweight, known bob, which attached the 
driver axle inside the bearings. account limitations space 
the design frame commonly used, the radius rotation .of the bob 
relatively small, and its weight must correspondingly large, thus 
adding the load low speeds. 

The vertical horizontal pressure developed the unbalanced 
rotating and reciprocating parts called the dynamic augment. This 
dynamic augment course function the speed, increasing 
the square the speed. 

The formula generally used for calculating the dynamic augment 
the formula for centrifugal force, 


which 
weight the rotating reciprocating part for 
which the augment desired, the unbal- 


anced part the rotating parts case the resulting 
rotational effect wanted; 


the acceleration gravity; 
the rotational velocity speed the part; 
the radius the circle taken the center gravity 


the rotating part. 


convenient transfer all weights the equivalent weight 
the center the crank pin and use the radius the circle taken 
the center the crank pin relatively the center the driver. 

The equation implies consistent units, and the values may taken 
pounds, feet, and seconds, with 32.2 ft. per sec. per sec. 
the speed the locomotive miles per hour, the speed feet per 


second will The rotational speed the crank pin obtained 


multiplying this the ratio the radius the crank pin circle 


This equation number follows the last number used the first report, 
1206, Transactions, Am. Soc. E., Vol. LXXXII, 1918. 
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one-half the diameter the driver. The distance the 
weight from the center the driver will greater than the radius 
the crank pin circle, and weight equivalent rotational effect for 
radius may used, the equivalent weight being found multiply- 
ing the counterweight the ratio the rotational radius the center 
the counterweight that the crank pin. For determining the 
vertical dynamic augment, should include the excess deficiency 
the rotating parts, and should not include the reciprocating parts, 
portion the main rod being taken rotating part. The part 
the weight the main rod which should considered equivalent 


rotating weight the crank pin may determined the principles 
mechanics. 
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Fig. COMPONENT AUGMENT FOR AND 
UNDERBALANCE ROTATING 


For determining the horizontal dynamic augment, the weight the 
reciprocating parts should included determining the unbalanced 
weight making the calculations, the center gravity the 
rotating part used getting the radius 

Fig. gives, through complete revolution, the values the ver- 
tical component the dynamic augment for underbalance 746 
the crank pin circle and also for overbalance 370 
the crank pin circle for speed miles per hour, the diameter 
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the driver being in. and the radius crank pin circle being one- 
half the radius the driver. For the counterweights one-fourth 
revolution from the low position (90°) the vertical aug- 
ment for both underbalance and overbalance zero, that three- 
fourths revolution (270°). The position giving the maximum 
downward pressure underbalanced counterweight gives the maxi- 
mum upward pressure overbalanced counterweight. 

The fact that the center gravity the rods and other rotating 
parts not the same vertical plane the counterweight the 
rail not usually taken into account. The distributing forces are said 
slight comparison with the principal rotating 
cating The following shows that this element the problem 
may need attention. 

The plane rotation the side rod some distance outside the 
plane the counterweight, the main rod still further away, and the 
part the pin passing through these rods also well outside the 
driver. The result this eccentricity position increase 
effect the dynamic augment the central plane the counter- 
weight, and require greater amount counterweight than would 
necessary these parts and the counterweight were the same 
plane. The amount this increase, terms the dynamic augment 
the formula given for dynamic augment, determined 
the ratio the horizontal distance between the center the coun- 
terweight and the center the rod other rotating part the hori- 
zontal distance between the centers the companion drivers. For the 
locomotives the three types used the tests herein reported—the 
Santa Fe, Pacific, and Mikado—this ratio, found from the dimensions 
the parts, averaged about 0.11 for the side rod and the part the 
pin within the side rod, and 0.23 for the main rod and the part the 
pin within the main rod; that is, the vertical dynamic augment effect 
the vertical plane through the center the counterweight produced 
the rotating parts outside the driver, 11% greater the 
case the side rod and its part the pin, and 23%. greater 
the case the main rod and its pin, than will exist the plane 
these rods found the formula for dynamic augment and centrifugal 
The value the dynamic augment these rods and pin cal- 
culated the usual formula must then increased the propor- 
tion 11% for the side rod and for the main rod, the weights 
these parts may considered that much determining 
the underbalance overbalance. 

For the main driver the effect found considerable, affecting the 
amount counterweight required; seeming overbalance for rotating 
parts judged the method calculation generally used design 
may become underbalanced wheel, while for underbalanced main 
driver the deficiency counterweight may considerably greater than 
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that found when this eccentricity position not taken into account. 
For drivers other than the main driver the effect much smaller and 
may not need consideration. 

The foregoing discussion takes the dynamic augment back the 
center the counterweight; the center the counterweight loco- 
motives the types used generally outside the center the rail and 
the point contact between wheel and rail, and the effect this 
small amount the resulting pressure the rail due 
overbalance underbalance; the cases under consideration this 
would probably not increase the dynamic augment more than 
per cent. must concluded, however, that the location the rods 
away from the plane the counterweight may become importance 
the calculations the counterbalance the main driver and should 
not overlooked. 

The effect due the rods and the counterweight given driver 
not being the same plane with each other extends also the com- 
panion driver the other rail, decreasing the vertical pressure the 
companion driver when the pin the other driver down and increas- 
ing when the pin up. will seen that the effect upon the 
companion driver comes point its revolution which away 
from the maximum and minimum effect its own counterbalancing, 
and hence this element the problem may not particularly affect the 
value the maximum pressure developed the driver. case main 
driver balanced for its own masses only, the effect the rods its 
companion driver will put out balance. 

further condition complicates the problem: the crank pins 
the left side the locomotive are set 90° behind those the 
side. This adds the stresses the locomotive and may expected 
produce lateral bending rails. 

judging the vertical rail pressure produced bal- 
anced rotating parts overbalanced rotating parts, may 
ciently near the truth consider that the vertical dynamic augment 
produced the excess deficiency counterbalance the rotating 
parts acts vertical pressure the rail each driver. This may 
expected approximately true even when the adjacent drivers 
have quite different dynamic augment, since the change depression 
the track structure due the added decreased pressure the 
rail, small comparison with the total amount deflection the 
locomotive spring produced the weight the locomotive tributary 
the given driver, and hence movement the wheel downward with 
the increase track depression produced the dynamic augment 
will result reducing the load transmitted from the locomotive frame 
only relatively small amount and the action the equalizing levers 
may expected minimize even this effect. seems proper, then, 
making calculations, consider the vertical augment 
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each driver being separate downward upward loads which may 
added algebraically the individual driver loads the rail. How 
much this will modified the spring rail and loco- 
motive springs and how much will transmitted other wheels 
the equalizing levers cannot well determined analysis. 

Having calculated the vertical dynamic augment the rotating 
parts (using the underbalance the overbalance), the vertical pressures 
obtained may used positive negative loads the wheel 
points, and for stress rail may made for such loads 
the methods given the first progress report the Committee under 
“Combination Wheel Loads”. the use this method 
the calculation resulting loads and stresses may found the 
discussion test results which follows. 

the tests for effect counterbalance were made with the loco- 
motive running with steam off, the effect cylinder pressure 
does not enter into the discussed except far there may 
have been resisting pressure developed the cylinders. For locomo- 
tives working under steam pressure, the effect increase the 
downward pressure the main driver the vertical component 
the main rod tension compression. For the dimensions the main 
rod the locomotives used this vertical pressure the and down 
points the crank pin would from 0.10 0.14 the cylinder 
pressure mid-stroke, this vertical pressure presumably being all 
taken the main driver. 

5.—The Locomotives.—In the tests the St. Louis-San Francisco 
Railway two types locomotives were used, the Santa type freight 
locomotive and the Pacific 1060 type passenger locomotive. Slight 
variations were made these locomotives lightening reciprocating 
and rotating parts the Santa and Pacific types and changing 
the position the equalizer pin the Pacific type. The Santa 
type locomotives were new locomotives, having been service less than 
year. The type locomotives had been service about two 
years, 

Fig. gives the spacing drivers and the wheel loads. The diame- 
ter the drivers the Santa type was in. and that the 
Pacific type in. The crank pin was in. from the center driver 
the Santa type, and in. the Pacific. The corresponding 
distance for center counterweight was 164 in. the Santa type 
and 20} in. for the main driver and 25} in. for the other two drivers 
in: the Pacific type. 

Table are found the weights the reciprocating and rotating 
parts the Santa locomotive given the Mechanical Depart- 
ment the St. Louis-San Francisco Railway, together with the 
lated required the amount counterweight used and 
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the excess deficiency counterbalance the method calculation 
used the Railroad Company. will noted that 60% 
the weight the reciprocating parts included the counterbalancing 
and that this weight divided among four drivers and 
not among all five, matter which affects the vertical dynamic augment 
only the overbalance underbalance the several wheels for 
rotational parts affected. Table also gives the excess deficiency 
counterweight needed balance the rotating parts only, since this 
excess deficiency the principal factor affecting increase decrease 
vertical pressure the rail. 


Diam. drivers Crank pin radius in, 


Diam. drivers in, Crank pin radius 


Diam. drivers in, Crank pin radius in, 
2.—DIAGRAMS THE THREE TYPES LOCOMOTIVES. 
There may course some question concerning the amount 
proportion the weight the main rod which contributes the 
rotational effect. The excess deficiency counterweight needed 
balance the rotating parts only, given Table the value 
usually considered designing practice, and found without taking 
into consideration the effect the rods and pin not being the same 
vertical plane with the counterweight the driver. The method 
outlined the preceding article for taking this variation position 
the dynamic forces into account involved adding the 
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0.60 


348 


Parts. 


Crank 155 162 162 140 

Crank pin hub.............. 189 196 805 196 189 


_Equivalent weight required center counter- 
‘weight, average taken for two corresponding 


Difference between weight required and weight 
Overbalance underbalance crank pin circle 


This becomes 042 Ib. the effect the rods and pin not being the plane the 
counterweight considered described the text. 


the side rod and its part the pin 11% the weight these 
parts being approximately the effect for the average the dimen- 
sions the three types locomotives used the tests, and the 
weight the main rod used and its part the pin 
the weight these parts—this increased weight being considered 
represent the weight used determining the condition counter- 
balance the plane the counterweight. Applying these percentages 
the parts affecting the main driver, the weight the main rod 
coming the crank pin and that the side rod and also the parts 
the crank pin the main rod and the side rod, the underbalance 
the main driver found 1042 lb. instead 746 lb.—a very 
great deficiency. For the other drivers the effect great; 
there reduction the amount overbalance for Drivers 
and and lb. for Drivers not known how closely 
the weights the locomotives used agree with the weights given 
Table the indications are that there are uncertainties the weights 
and their positions. 

Table are given the same way the weights the recipro- 
and rotating parts the Pacific type locomotive furnished 
the Mechanical Department the St. Louis-San Francisco Railway. 


a 2 
48% main rod, weight cross-head 
| 
882 2260 210 867 
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Parts. 


Main rod, weight cross-head 
2170 
482 
Parts. 
Two-thirds weight reciprocating parts, divided among three 
Equivalent weight required center counterweight, average 
taken for corresponding 555 555 
Difference between weight required and weight obtained........ —10 
Overbalance underbalance crank pin circle for rotating 


This becomes the effect the rods and pin not being the plane the 
counterweight considered described the text. 

Applying the method already outlined for obtaining the effect the 
main rod and side rod the plane the counterweight means 
the factors found from the dimensions the driver and rods, just 
used for the main driver the Santa type locomotive, will 
found that instead overbalance 330 lb. for the main driver, 
nearly balanced condition. The results the tests indicate 
underbalance the main driver. There appears uncertainty 
regard the accuracy some the weights given this table. 
should noted that the upon the counterbalance calculations 
for the first and third drivers due the plane the side rod not being 
the plane the driver not large, and the error due neglecting 
this element inconsiderable. may noted that the larger diameter 
the driver the Pacific locomotive makes the problem counter- 
balance easier than for the Santa type even speeds considerably 
higher than the freight locomotive would expected take. 

Fig. also gives the spacing drivers and the the 
Mikado locomotive the Illinois Central Railroad. The diameter 
the drivers was nominally in., but the measured circumference was 
195 in. Table gives the weights the rotating parts the Mikado 
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locomotives furnished the Central Railroad. the 
the planes which the parts rotate reduces the over- 
balance for rotating parts given for the main driver what would 
appear approximate balance. The results the tests will 
found indicate underbalance for the main driver instead 


THE ILLINOIS CENTRAL 


Driver number 
60% weight reciprocating parts..... 
Main rod, crank pin 


Side rod, weight crank 145 829 480. 154 
Total weight 408 722 417 
Equivalent counterbalance weight crank pin excess 
that required balance crank pin and crank pin hub. 408 748 417 
Overbalance crank pin circle for rotating parts only.. 263 


This becomes underbalance the effect the rods and pin being the 
plane the counterweight considered described the text. 


may interest note that the dynamic argument for each 
pound underbalance overbalance considered concentrated 
the crank pin for the three locomotives used amounts 33.4 lb. for 
the Santa type locomotive speed miles per hour, 30.3 
for the Pacific type miles per hour, and 24.5 lb. for the Mikado 
type miles per hour; for example, underbalance 746 lb. 
the Santa type gives dynamic augment 900 

all the tests the locomotives were considered good con- 
dition. Tires were not worn, except for the main driver the Santa 
type (without flanges) which showed more less wear. The loco- 
motives were representative those the same class used the two 
railroads. 

6.—The Track.—The tests the St. Louis-San Francisco Railway, 
made November 20th December 7th, 1917, were conducted 
section single track about three miles west Springfield, Mo. 
The rail was 85-lb. Am. section, rolled October, 1906. The 
rail section worn (shown Fig. had moment inertia 
29.1 in.* about horizontal axis, and 6.8 in.* about vertical 


axis. The section modulus was 12.0 about horizontal axis 


and 2.6 about vertical axis. The ties were in. ft., 
oak, spaced about in. apart center center, twenty 33-ft. 
rail length. There were in. chats ballast good quality. The 
track was fair surface and alignment, and was used was 
found. had not been tamped recently, but freight trains are not 
run over this stretch track the effect traffic not great. 


4 
; 
~ 
4 
oat 
4 
3 


150 STRESSES RAILROAD TRACK 


The tests the Illinois Central Railroad were conducted two miles 
north Champaign, September 19th 2ist, 1918, the south- 
bound track used the earlier tests reported the first progress report 
the Committee (see page 1237* the first progress report), the 
location being that described Section The rail was Am. Soe. 
section, laid 1902. The rail section given Fig. The 
properties used the calculations were the same those given the 
first progress report, 27.0 in.* for the moment inertia about the hori- 
zontal axis and 11.1 in.’ for the section modulus for the remote fiber 
the rail. The ties were the 8-in. 8-ft. oak, ties 
which had been specially prepared for this stretch track. They were 
section used the test there was stone ballast. The track 
had not been tamped for some time and was not the best condition 
line and surface, but was used the condition found. 


(WORN) (WORN) 
AND SAN FRANCISCO RAILWAY ILLINOIS CENTRAL RAILROAD 


7.—The Conduct the instruments used determine 
the strains the rail were the stremmatographs the first 
report, page 1224.* Four stremmatographs were used simul- 
taneously. The methods employed were generally the same those 
the previous progress report. ‘Fig. shows the position 
instruments used the tests the St. Louis-San Francisco 
the adjacent rail. noted that two set-ups, three 
were one side the track the fourth 
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Legend Instruments 


Direction 
Series 4 


LOCATION LOCATION 
SERIES AND SERIES AND 
SANTA TYPE LOCOMOTIVE SANTA TYPE LOCOMOTIVE 


PACIFIC TYPE LOCOMOTIVE PACIFIC TYPE LOCOMOTIVE 


LOCATION LOCATION 
SERIES AND 12, 
PACIFIC TYPE LOCOMOTIVE MIKADO TYPE 


Fic. STREMMATOGRAPHS TESTS. 
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3 3 2 3 
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Direction Direction | 
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was the rail the opposite side. The instruments were spaced two, 
three, and four tie spaces apart. 

the tests the St. Louis-San Francisco Railway, was 
single-track stretch railroad, the two sides the track were pre- 
sumably the same with respect ballast and tamping. 

the principal tests made with the Santa type locomotive, three 
stremmatographs were placed the rail the right side the loco- 
motive and one the rail the left side (see Fig. location a). 
the tests determine the stresses developed the two sides the 
locomotive, the four instruments were placed one rail, and part 
the tests were made with the locomotive running one direction 
and part the other (see Fig. location the tests with the 
Pacific locomotive, the four instruments were placed one rail (see 
Fig. locations and e). all runs steam was shut off the 
locomotive approached the test section track. The speeds were 
read from speedometer the cab connected with the tread the 
trailer, the instrument being checked timing runs over meas- 
ured length track. For each set tests the order speeds for con- 
secutive runs was the same, three four speeds being used together, 
and the record each three four runs these speeds was made 
one set discs; new were then placed the instruments. 

The position the counterweight with respect one instrument 
was observed for each run. The effort was made keep the counter- 
weight the same position with respect the instrument for the three 
four runs covering the three four speeds used, and then slip 
the drivers sufficiently change the position the counterweight about 
one-fourth revolution. The slipping the drivers stopping and 
starting, however, changed the position somewhat. The instruments 
were placed about one driver diameter apart that for each instru- 
ment there was different position counterweight. Altogether the 
tests give general distribution position counterweight over the 
entire revolution. 

The extent the tests the St. Louis-San Railway was 
limited reason the difficulty sparing the locomotives from serv- 
ice, the demands traffic the time being very great. larger num- 
ber runs would have added much the value the information. 
The weather conditions were unfavorable much the time. 

The tests the Illinois Central Railroad with the Mikado locomo- 
tive were made the south-bound track, and order get the neces- 
sary distance acquire high speeds, the locomotive was run north- 
ward. Three stremmatographs were placed the west rail (left side 
the locomotive) and one the east rail opposite the middle one 
the instruments. The arrangement shown Fig. The three 
instruments the one rail were placed about in. apart, nearly one- 
third the circumference driver. 


7 
q 


STRESSES RAILROAD TRACK 153 


should noted that the rail which these three instruments 
were placed was the outer side the double track and that, 
shown the report the tests track depression, this side the 
track was not good surface condition the inner side. The order 
the speeds was 35, 25, and miles per hour, and the four con- 
secutive runs were recorded the same all runs 
shut off the locomotive approached the test section track. 
with the other tests, the demand traffic for locomotives was such 
limit the work the tests. The data secured seem sufficient for gen- 
eral purposes; more tests would have given wider range infor- 
mation. 

the data obtained the stremmatographs the moving load tests was 
the same that which was described the first progress report. The 
stremmatograph records were read with microscope fitted with 
micrometer eyepiece. Readings were taken for points the record 
corresponding the position wheel over instrument and point 
between wheels. reducing these measurements the readings were 
multiplied the proper microscopic constant and then reduced 
stresses multiplying constant which involves the value the 
moment inertia and the position the vertical axis the rail sec- 
tion, the vertical distance the needle-bar below the base rail, the 
modulus elasticity steel (taken 30000000 lb. per sq. in.), and 
the gauge length (which was in.). correction was also made 
allow for the variation moment and stress over the gauge length. 
obtain the maximum stress the middle the gauge length the aver- 
age stress over the gauge length for points corresponding the position 
wheel over instrument was multiplied the factor 1.04, was done 
with the tests recorded the first progress report, that the stresses 
reported points positive moment are stresses pounds per square 
inch the base the rail the middle the gauge length. The varia- 
tion over the gauge length points negative moment was slight and 
correction was used for the stresses such points. 

general, the readings the two dises instrument, giving 
stresses two sides the rail, were averaged and the average was 
taken the observation for that instrument for the given run for the 
given position wheel. case the record one instru- 
ment was defective and that the companion was clear, the one 
good record was generally also discarded. case the record disc 
was clear enough usable, the record for all the wheels and all the 
runs the disc was usually measureable, although the line made 
the truck and trailer was less that made the drivers. 
Sometimes, however, not all the record dise was clear; this 
case the portion available was used. For some the tests nearly one- 
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third the records had discarded. appears that the disc 
readings taken with the Santa type locomotive were generally clearer 
than those taken with the Pacific type. The conditions the tests 
the Illinois Central were more favorable and the records were generally 
good. The records points negative moment were generally less 
clear than those the wheels, and larger proportion was discarded. 

For any reading observation, the position the counterweight 
the driver corresponding the point the record was found terms 
the part revolution the driver beyond the last down position 
the counterweight. This was done for each driver and also for 
trailer and front truck. the reduction, the high point the record 
was assumed have been made when the wheel was directly over the 
instrument. 

The readings the stremmatograph records, the reduction the 
data, and the location the counterweight with respect each instru- 
ment and each point the record involved large amount work, 
nearly readings were made. 

The accuracy the records and their reduction considered 
good that the stremmatograph data reported the first prog- 
ress 

may noted that for the rail used the tests both the St. 
Louis-San Francisco Railway and Illinois Central Railroad the stress 
the extreme fiber the head rail about 10% greater than that 


the extreme fiber base rail. The latter has been used giving 


results because the width the base rail makes the stresses due 
lateral bending greater there than the head the rail and the lateral 
bending stresses are great enough significant. 
St. Louis-San Francisco gives infor- 
mation Series made the St. Louis-San Francisco Railway. 
The injury done rails the Santa locomotives soon after they 
were received from the builders had given the Railroad Company some 
concern, and the opportunity was taken make tests with what was 
evidently poorly balanced locomotive. The weight the trailer 
the Pacific locomotive seemed excessive, and for wheel well away from 
other wheels the stress developed the rail would expected 
high. The bearing the trailer times had run hot. The tests were 
made obtain information the effect speed and counterbalance 
with this type passenger locomotive. 

Series the order runs the tests was 25, and miles per 
hour for Locomotive No. 22, and 25, 50, 25, and miles per hour for 
Locomotive No. 28. For Series two sets were run,—the first 25, 
and and the second 25, 50, 25, and miles per hour. Series 
and the order 25, and was used. For all series with the Pacific 
type locomotive, the order was 45, and miles per hour. 
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Remarks. 
tive. number. izer bar. 


First 


motive received from 


builders. 
lightened. 
side locomotive. 
side 
added. 
parts lightened. 
Second location.. 1066 Middle hole. 


The tests were not made the order the numbers the series; 
instead, the locomotives were taken the demands mat- 
ters convenience permitted. the discussion which follows the series 
are grouped for the consideration effect speed and counterbalance, 
effect lightening rotating parts, stress under the two sides the 
locomotive, and general comparisons. 

10.—The Santa Type Locomotive; Effect Speed and Counter- 
balance.—The typical effect the combination speed and 
ance upon stresses rail for Series with the Santa type locomo- 
tives shown Fig. which gives sample curves for the main driver 
taken from the plotted results the tests with the Santa type loco- 
motive from the data the instruments the rail the right side 
the locomotive only. The ordinates the diagram represent stresses 
the base the rail pounds per square inch. The abscissas rep- 
resent the position the counterweight the time the wheel passed 
over the instrument with respect its down position, the being 
fractions complete revolution the wheel. The curves rep- 
resent the average the results the several runs each speed. For 
speed miles per hour the values are represented straight line, 
since the variation from small. the driver underbalanced, 
general the greatest stress the rail developed when the counter- 
weight its high position. speed miles per hour, 
noted that the maximum value the curve 44700 lb. per sq. in. 


and the minimum value per sq. in. The line marked “mean 


value miles per hour curve” the average ordinate the curve. 
The variation above and below this line may considered due 
largely the lack balance the rotating parts. 
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The difference between the mean value the stress found from the 
curve for miles per hour and the stress miles per hour may 
considered largely the effect speed without reference effect 

_of rotating parts, (quite frequently called impact effect speed effect), 
though part may due lack balance rotating parts. The 
dotted line the figure was obtained the use the common formula 
for the vertical pressure rotating part, the here being 
modified touch the curve for miles per hour its high and low 
points. will noted that the form the observed curves more 
pointed than the curve calculated analytical methods, and also that 


a 
° 
n 


0.5 0.6 0.7 0.8 
Position Counterweight Parts Revolution 


THROUGHOUT REVOLUTION. 


the mean value the curve generally below the median point the 
curve. These differences are characteristic many the tests, though 
appears that there are many cases-where the observed curve 
less pointed than the analytical curve for more pointed curves. 

examples the test data, the test results for Series with the 
Santa type locomotive for four speeds for the main driver and Driver 
No. and for one speed for the other drivers and the trailer are plotted 
Figs. 11. Results given the several instruments are indicated 
individual symbols, which are explained Fig. The curves rep- 
resenting the stress for given speed throughout entire revolution 


Main Driver 
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were formed first averaging the values the plotted points 
groups for each twentieth revolution and then drawing curve 
represent well possible the position and trend these points. 
this series there were more runs miles per hour and less 
miles per hour than the other speeds, the data points for 
speed miles per hour are most numerous, and those for miles 
per hour the least numerous, the number the latter speed being 
only about half that miles per hour miles per hour. may 
expected, speed miles per hour the variation stress due 
other causes much greater than that due effect counter- 
balance mask any effect counterbalance, and accordingly 
straight-line average all the points has been used for all the wheels 
for the speed miles per hour. each line has been drawn 
above the average curve and one below which together form the limits 
belt which includes most the observed points. Thé distribution 
these points vertically over the belt generally fairly uniform when 
there are fifty more points the diagram. some cases, with 
insufficiency data, the points are quite scattered. The line repre- 
senting the average ordinate for the curves marked “mean value 
curve”; the line representing the average stress miles per hour has 
also been drawn. The diagrams include the results for the instrument 
the left rail, although shown Article “Comparison 
Stresses under the Two Sides the Santa Type Locomotive”, the 
stresses rail the two sides the locomotive differed considerably. 

Fig. gives the stress base rail throughout revolution 
driver for all the drivers and the trailer for Series obtained 
the preceding paragraph. These curves then represent 
the average stress for any given position counterweight. should 
borne mind that the observed points are not always well distrib- 
uted the plots from which these average curves were formed (such 
are shown Fig. and some cases there indefiniteness the 
data, which makes the forming the curve difficult and somewhat 
uncertain. may added that the numbers observed points the 
plots are generally not sufficient establish very definitely the position 
the maximum and minimum points the curve with reference 
the position the counterweight its revolution. 

Fig. gives the stresses rail under the wheels for the high point 
and the low point the curves Fig. 12. The stresses for negative 
moment between wheels are also given; for some the wheels 
especially marked difference throughout the revolution was found and 
the mean the observed stresses for negative moment 
reported. Not enough difference was found under the front truck 
wheel throughout the revolution warrant giving more than 
straight-line average for the stress this wheel. similar condition 
was found under the trailer for speed miles per hour, but the 
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higher speed noticeable variation exists, the high point the curve 
occurring some time after the counterweights the drivers have 
passed their high position. 

Table are given the numerical values the stress rail under 
the several wheels shown Fig. mean values given are the 
mean values taken from the curves Fig. for entire revolution. 

Table are given ratios from the data Table 
the average stress rail miles per hour. S,,, and 
are the stresses rail the high point curve for 25, 40, and 
miles per hour, the stress found taking the mean 


Trailer 5th Driver 4th Driver Main 2nd Driver Driver 


SS 
\ 0.5 0.75 1.0 0.25 0.5 0.75.1.0 0.25 0.5 = 0.5 0.75 1,0 0.25 0.5 0.75 1.0 0.25 0.5 
; 0 0.25 0.5 0.751.0 0 0,250.5 0.751.0 


Position Counterweight Parts Revolution 


AVERAGE STRESS RAIL THROUGHOUT REVOLUTION 
DRIVER, SERIES SANTA LOCOMOTIVE THE 
St. FRANCISCO RAILWAY. 


S50 
considered represent the total effect change speed from 
miles per hour, including the speed impact effect and the effect 


m 


ordinate the curve for the speed used. (called total ratio), may 


counterbalance. 


(the speed effect ratio) may considered 
5 


represent the effect speed distinguished from effect counterbal- 


ance. (the counterbalance effect) may considered rep- 
5 
resent the effect (increase decrease) which may attributed coun- 
terbalance. The division into speed effect and counterbalance effect 
this way quite imperfect, but may service helping judge 
these two effects. 
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AND MEAN VALUES FROM CURVES FOR SERIES 


Stresses are given pounds per square inch base rail. 


Speed, Position DRIVER NUMBER. Front 


Down. 600 800 800 900 700 800 

Mean 000 200 100 700 500 300 400 


Calculated additional 
stress due counter- 
balance miles 


Per 600 100 400 200 800 100 700 


Ratios for calculated effect counterbalance producing stress 
rail are also given Table These were obtained dividing the 
resulting upward downward pressure effect due the 
dynamic augment the rotating parts the given speed the static 
load pressure, the effect all adjacent wheels upon moment and stress 
being considered determining both static effect and counterbalance 
effect, has already been referred the. Article “The Problem 
Counterbalancing the Locomotive”. make clearer the method 
caleulation used determining the calculated counterbalance ratio, 
affecting the moments and stresses rail, the following examples may 
cited. 

reference the principles given the analysis track action 
the first progress report (pages 1203 1215) will show that the moment 
and therefore the stress produced combination wheel loads may 
found the load for single wheel which equivalent 
the combined effect the several wheels moment-producing 
effect, and using the resulting load (which will termed the equivalent 
single wheel load) the formula for bending moment the rail. This 
formula for bending moment rail then Px, (Equation 
(8), 1205 the first progress report), where the equivalent sin- 
gle wheel load and the distance from wheel load point zero 
bending moment rail for single wheel load the track question. 

The the equivalent single wheel load may then made 
adding algebraically the load the wheel itself the effect the 
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N 


Position counterweight. 


Average stress miles per 
hour, basis comparison. 


Effect 


Effect counterbalance 
Sos 


Calculated effect counterbal- 


(increase decrease). 


0.01 


1.47 1.08 


1.18 


5 

Effect counterbalance 

Calculated effect counterbal- 


(increase decrease). 0.29 0.15 


0.02 0.02 


Total 


1.78 


Effect speed................ 1.58 1.58 


Effect counterbalance 


DRIVER NUMBER. 


Main. 


1.00] 1.00 
MILES PER 


1.60 1.20 1.96 0.96 


1.42 1.50 1.50 1.38 1.88 


MILES PER 
1.64, 1.09; 2.58 


1.38 1.69 1.69 1.54 


0.88 
1.54 


0.81 0.60 0.54 1.04 0.66 


MILES PER 


2.25 1.58 2.77 8.75 0.92 


1.98 1,98 1.92 1.92 


Down. 


0.16 


0.25 


1.06 


0.32 


0.65 


1,17 


2.60 


1.88 


0.18 


0.12 


0.92 
1,23 


0.31 


1.58 


0.16 


0.12 


1.67 


1.45 


0.81 0.05 0.05 


2.08 


1.58 


Calculated effect counterbal- 
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1.97 1.97 
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adjoining wheels, much was done means ratios page 1210 
the first progress report, since the combined effect the algebraic sum 
the effects the individual wheel loads. Thus, for the Santa type 
locomotive, the equivalent single wheel load for finding moments and 
stresses under the main driver for static loading this method would 
found follows, using 29.3 in., and taking values coefficients cor- 
responding the effect various distances found the master diagram 
for bending moments given Fig. page 1207 the first progress 
report: 


Effect second driver 


Effect fifth driver 4.30 29200 0.03) 900 


Equivalent single wheel load position main driver... 700 


The equivalent additional single wheel load (positive negative) 
due counterbalance for speed miles per hour, for use 
lating the additional stress rail due counterbalance, would 
found follows. For the counterbalance used the the 
upward and downward pressures miles per hour, the dynamic aug- 
ments the rotating parts, were calculated 300, 400, 
900, 400, and 300 for the first, second, third, 
fourth, and fifth drivers, respectively. The equivalent additional single 
wheel load the main driver, which may attributed the counter- 
balance will first for the counterweight up. For this posi- 
tion underbalance counted positive, since produces additional 
downward pressure when the counterweight up, and overbalance 
the adjacent driver counted negative since increases the pressure 
that wheel and thus lightens the effect the wheel under considera- 
tion. The values the factors used are taken from Fig. the first 
progress report. 

Dynamic augment main 900 
Effect dynamic augment first driver... 400 
Effect dynamic augment second driver. 600 
Effect dynamic augment fourth driver. 4000.21 600 
Effect dynamic augment fifth driver... 400 
Equivalent additional single wheel load position main 

Total equivalent single wheel load miles per hour.... 600 
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Hence the following ratio obtained: 
Equivalent additional single wheel load 900 
Equivalent static single wheel load 


This ratio represents the moment-making effect the counterbal- 
ance expressed terms the moment-making load under static condi- 
tions; may considered that the stress rail will increase this 
ratio the assumptions involved the analysis are not modified 
other features. 

For counterweight down the effects the counterbalance for the 
wheels adjoining the main driver will each negative instead posi- 
tive, and the total equivalent static wheel load 


700 
700 
The negative moment rail here should not 
taken mean that there negative pressure pressure the rail 
the main driver, that the rail not depressed; the pressure 
the main driver the rail the analysis used would 700 for 
the assumed condition. The rail depression would that due 
single wheel load 500 lb. 
For the fourth driver the for static load are: 


13200. The ratio for the counterweight down then 


Effect second driver 4.30 
1 


Effect main driver 600 0.21 6600 


Equivalent single wheel load position fourth driver.. 100 
The equivalent additional single wheel load the fourth driver, 


which may attributed counterbalance, for counterweight up, 
found follows: 


Effect fifth driver 


Dynamic augment fourth driver............... 12400 
Effect dynamic augment second 
Effect dynamic augment main 
Effect dynamic augment fifth 
Equivalent additional single wheel load position fourth 
Equivalent static wheel 16100 


Total equivalent single wheel load miles per hour.... 1500 
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The ratio equivalent additional single wheel load miles per 
hour equivalent static single wheel load counterbalance 
600 

For counterweight down the total equivalent single wheel load 
becomes 700 and the counterbalance ratio 0.91. 

Values the calculated effect counterbalance, obtained the 
method described, are given Table for all the drivers and -the 
trailer and for three speeds. The values effect give the ratio the 
stress rail due counterbalance the stress rail due 
loading. 

The calculated stress rail due static loading and counter- 
balance may found course applying the equivalent single 
wheel load obtained above Equation (8) the first progress 
report giving the bending moment rail, 0.318 and sub- 
stituting the value the section modulus the rail used. Values 
computed are given the tables. 

The data the tests given the figures and tables for the Santa 
type locomotive show considerable variations stress with changes 
speed. For the position counterweight which gives maximum 
effect (counterweight for the main driver and counterweight down 
for the other drivers) there material increase stress with increase 
speed, particularly the main driver where the stress miles 
per hour 800 lb. per sq. in.; ratio 3.75 the stress found 
miles per hour. For the opposite position counterweight the change 
stress with increase speed generally small, with several cases 
decrease stress. 

The ratios given Table permit some tomparison made 
the effect speed and counterbalance taken separately, though, has 
been stated, the method separation somewhat crude. this 
method separation, the effect speed alone miles per hour 
give additional stress rail above the stress speed miles 
per hour which varies from per cent. The main driver shows 
the greatest increase due speed. The increase stress due 
counterbalance for the position which gives maximum effect does not 
vary greatly from the ratios for calculated effect counterbalance; for 
some drivers more and for others less. For the main driver the 
stress miles per hour, due speed alone, 92% 
the stress found miles per hour. For the opposite position 
counterweight the stress generally greater than that which would 
expected that the results will show irregularities and that variations will 
The deflection the locomotive springs and the depression 
track will change amount each wheel with the changing pressure 
the position counterweight changes, and these changes will 


ratio) then 
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influence the pressures the rail. Such changes may relatively 
large the main driver and adjoining drivers since the lack balance 
for adjoining drivers opposite directions. The effect the 
equalizing levers transferring load adjoining wheels complicates 
the situation and may account for some variations stress. 

For speed miles per hour, relations similar those found 
miles per hour exist. The stress found under the main driver 
2.58 times that speed miles per hour and the counterbalance 
effect itself results doubling the stress rail. miles 
hour, the combined effect speed counterbalance nearly doubles 
the stress under the main driver, 58% this increase apparently 
being attributable effect counterbalance. The ratios for speed and 
for counterbalance effect this speed are similar those found for 
miles per hour. 

may noted that had the readings the right side the 
locomotive only been used this comparison the stresses the 
several speeds would have been lower and the ratios Table would 
have been higher. Considering the uncertainty concerning the weights 
the rotating parts and especially that concerning their exact dis- 
tribution among the several drivers, cannot expected that closer 
comparison may made. The effect speed miles per hour 
increase rail stresses, ranging from 100%, 
and the effect counterbalance producing increased stress close 
that obtained the method calculation used. 

The calculation for effect counterbalance the main driver given 
page indicates that when the counterweight down, the combined 
effect driver loads and counterbalance effect would produce negative 
moment the rail the main driver, and this negative moment might 
expected the effect speed did not itself contribute positive 
moment the wheel. This effect speed large that all the 
tests the stress the main driver with counterweight down indicates 
the presence always positive bending moment. The foregoing 
relates stress and bending moment—the calculated rail pressure 
and rail depression have treated separately from stress and 
moment; even without the effect speed there indication from the 
given that the wheel would leave the rail. 

Attention called the variation stress the trailer for the 
higher speeds. There appreciable change stress the counter- 
weights the drivers change position. The maximum stress occurs 
somewhat after the counterweight has reached its high position. Due 
the large load the trailer, its distance from other wheels, and the 
effect counterbalance, the stress this wheel high, the highest 
any except that the main driver and except for the fifth driver 
miles per hour. The data Series will found give similar 
results. The time which the maximum stress found ranges from 
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the counterweight six-tenths revolution after the counterweight 
down eight-tenths revolution; occurs, therefore, between the 
positions counterweight which give the minimum and the maximum 
stress the driver ahead the trailer. 

will remembered that the values stresses rail con- 
sidered the foregoing discussion were taken from the curves 
averages and that the band which enclosed the greater number the 
observations extends 5000 per sq. in. above the curve and 
similar distance below it. Above and below this band are other 
observed points, and the average these outlying points still 
Ib. per sq. in. above and below the limit the bands. may 
expected that values may frequently developed which are 3000 
000 Ib. per sq. in. higher lower than those used the discussion and 
that not infrequently values lb. per sq. in. still greater less 
will found. Values 6000 8000 lb. per sq. in. greater than the 
stresses given the discussion therefore may expected not 
infrequently. 

Santa Type Locomotive; Rotating Parts Lightened.— 
effort reduce the injurious effect the Santa type loco- 
motives upon the track, the Railroad Company lightened certain the 
rotating and reciprocating parts locomotive No. cutting away 
metal various places. series runs were made with this loco- 
motive (Series and comparisons will made with the results 
Series which have been described the preceding article. making 
comparison should borne mind that the results found with two 
locomotives nominally the same construction may differ considerably. 
The tests Series with locomotives received from the builders, 
were made with two locomotives, Nos. and 28. The tests Series 
were made the same place the track, with the instruments dis- 
tributed the same way, and the conditions the test were much the 
same. The readings from the instrument the left rail were 
included the data used, was the case for Series 

The statement from the office the General Superintendent 
Motive Power shows reductions weight rotating parts follows: 
back end main rod (considered tributary the main driver 
its dynamic augment), front end side rod 
(tributary first driver), change; front intermediate side rod (tribu- 
tary second driver), middle connecting side rod (tributary 
main driver), lb.; back intermediate side rod (tributary fourth 
driver), lb.; back end side rod (tributary fifth driver), change. 
Eighty-six pounds metal were taken from the piston; from the 
and from the front end the main rod, but whatever 
the effect the lightening these reciprocating parts the loco- 
motive itself and the effect speed upon the track, this reduction 
does not alter the effect rotating parts. 
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computing the effect counterbalance for Locomotive No. 19, 
the weights rotating parts given Table page 15, were reduced 
the amounts given above. The equivalent counterbalance the pin 
the main driver 629 instead 746 Ib. and that the second 
and fourth driver 390 instead 370 will seen that the 
underbalance the main driver decreased and the overbalance (for 
rotating parts) the other two drivers named increased, the first 
and fifth drivers not having any change. The effect the increase 
overbalance the second and fourth drivers upon the stress under 
these two drivers nearly neutralized the influence the decrease 
underbalance the main driver, and calculations indicate that the 
resulting effect the second and fourth drivers negligible. The cal- 


0.5 0.75 1.0 0.250.5 0.751.0 0.5 0.5 0.5 0.75 1.0 0.25 0.5 0.75 1.0 0.25 0.5 
0 0,250.5 0.75 1.0 0 0.250.5 0.75 1.0 


Position Counterweight Parts Revolution 
Fic. AVERAGE STRESS RAIL THROUGHOUT REVOLUTION 


Driver, SERIES SANTA LOCOMOTIVE THE 
RAILWAY. 
culated effect the main driver however will decrease the stress 
rail due dynamic augment about per cent. The calculated 
decrease stress rail the main driver for these conditions would 
lb. per sq. in. miles per hour and 800 lb. per in. 
miles per hour. 

Fig. gives the stress base rail throughout revolution 
driver for all the drivers and the trailer for Series obtained the 
way were those already given for Series and Fig. gives 
the value the stresses base rail the various wheels for the 
high point and the low point these stress curves. Table gives 
numerical values these stresses, well the values the mean 
stress for the several stress curves. Table are given ratios which 
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AND MEAN VALUES FROM CURVES FOR SERIES 
Parts LIGHTENED. 


Stresses are given pounds per square inch base rail. 


Position DRIVER NUMBER. 
Trailer. 


Mean value.. 


additional 
stress due counter. 
balance 50. miles 


600 900 300 


100 


may considered express the effect speed and the effect coun- 
terbalance. These correspond the ratios given Table Ratios 
expressing the calculated relative effect counterbalance are also given. 

Comparisons the two series determine effect counterbalance 
have less value because the locomotives used the two series give 
somewhat different speed effects and different distributions stress 
under the several drivers, the increase mean stress over that 
miles per hour being generally smaller Series than Series The 
advantage obtained through lightening the rotating parts may shown 
comparing the stress the main driver with the average the 
stresses the adjacent drivers, taking into account also the differences 
stress which exist miles per hour for the two series, differences 
which may due different distribution load among the drivers 
the locomotives. For both counterweight and counterweight down 
the difference between the stress the main driver and the average 
the stresses the adjacent drivers substantially less for Locomotive 
No. than for the other two locomotives; this true speeds 
and miles per hour amount beyond the difference stress 
these drivers for miles per hour. 

The effect the lightening rotating parts seen also com- 
paring the differences between maximum stress and mean stress for the 
main driver and adjoining drivers for Series and (Tables and 7); 
the effect counterbalance less for the main driver Series than 
Series compared with the change for the average the two adja- 
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DRIVER NUMBER. 
RIVE MBER Truck 


TRAILER. 
Position counterweight. 


Main. 


Up. |Down. 


| 


Average stress miles per hour 
assumed basis comparison..| 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1,00 1,00} 1.00 


MILES PER 


3 Ss 
MILES PER 


Effect counterbalance 


MILES PER 


Effect counterbalance Sso 
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cent drivers. seems probable that the lower average increase stress 
due speed Series may also due, part, the lightening 
parts. 

marked difference the two series, however, lies the greater 
effect speed and counterbalance for miles per hour found Series 
compared with Series Much this difference speed effect 
alone. the stresses drivers and trailer summed for the two 
series will seen that for miles per hour the sums maximum 
stress, minimum stress, mean stress, stress with counterweight up, and 
stress with counterweight down will each about 10% the mean 
stress more for Series than for Series while for and miles 
per hour there relatively little difference. The same effect may 
seen comparing the ratios Tables and 

has already been stated, Series Locomotive No. was used 
the runs and miles per hour and part the runs miles 
per hour, and Locomotive No. was used the remaining runs 
miles per hour and all the runs miles per hour. The results for 
the tests miles per hour have not been separated for the two loco- 
motives used Series The results show that locomotives the same 
nominal construction may have quite different distribution loads 
among the drivers. 

The stresses rail for the locomotive with rotating parts lightened 
are still very high speeds miles per hour more. 

Stress Under the Two Sides the Santa 
Type experience the St. Louis-San Francisco Rail- 
way with these Santa type locomotives gave some indication that 
injuries were more common greater the rail the left side the 
locomotive than the other rail. learn whether the stresses rail 
were the same under the two sides the locomotive, tests were made 
with Locomotive No. 22. The four instruments were placed one rail 
shown Fig. and runs were made one direction speeds 
25, and miles per hour, forming Series the instruments being 
the rail right side locomotive. The locomotive was then re- 
versed direction and runs over the same track were made this 
direction the same speeds, forming Series for instruments rail 
left side locomotive. The instruments retaining their position 
the same rail and other conditions remaining the same, and all the tests 
being made one day, results were thus obtained for the effect the 
two sides the locomotive which seem comparable. 

The data were reduced the usual way and plotted according 
position counterweight, and the maximum value the stress curve 
for each wheel each speed was determined. was found that the 
stress rail under the left side this locomotive was considerably 
greater than that under the right side. That this difference not 
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speed miles per hour; the sum the stresses rail the five 
drivers, trailer, and truck wheel, found for the left side the 
locomotive, much 20% greater than the sum the correspond- 
ing stresses for the right side the locomotive. similar difference 
found all speeds, both for mean stresses and for maximum stresses. 
seems that the difference due cause not related speed. 

That this excess stress one side the locomotive was not due 
methods testing shown the stresses the wheels under 
the tender. The average stress for the three speeds for Series (rail 
right side locomotive) 500 lb. per sq. in. and for Series (rail 
left side locomotive) 300 lb. per sq. in. few runs Series 
were made before the noon hour; the remaining runs and all Series 
were made after the noon hour. There would some decrease the 
load coal and water, but this would not large. 

all the other tests with the Santa type locomotive, one instru- 
ment was placed the rail the left side the locomotive opposite 
the middle one the three instruments the rail the right side, 
shown Fig. the plots data, was found that the results 
obtained with the instrument the left side generally higher 
than the results obtained with the other instruments, thus agreeing 
this respect with the series just discussed. Whatever the cause this 
variation, has made complications the interpretation the data 
for other purposes and has thrown uncertainty some comparisons 
which was desired make, but the relatively small amount data 
available has made seem best generally include all the instrumental 
results even with this added complication. The use one instrument 
the second rail has seemed advisable for the purpose checking 
possible cases irregular unexpected values the data. 

The reason for this difference stress developed the two sides 
the locomotive not known; planned make further investi- 
gation the conditions. 

should noted that the lateral bending rail due nosing 
not here may have important relation rail injury. 

Effect Santa Type Locomotive Upon Rail and Track. 
—The tests made with the locomotive the Santa type gave inter- 
esting opportunity find the effect upon rail stresses produced when 
the desired amount counterweight not can not placed the 
main driver, but instead the deficiency for the given wheel distributed 
among the other drivers which thereby have their counterweight in- 
creased above what already overbalance far rotating parts 
and vertical pressure are concerned. The increased stress the rail 
due not alone the increased pressure the rail given the excess 
weight rotating parts the main driver when the crank pin 


. 
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down, but may seen from the illustrative calculations given 
Article “Effect Speed and Counterbalance” that the overbalance 
the adjacent drivers the same time relieves part the pressure 
the rail those drivers and the effect this decrease pressure 
increase the bending moment the rail uhder the main driver. 

Similarly, the addition counterweight drivers other than the 
main driver not only increases the counterweight effect the rail 
these drivers (which are already overbalanced far rotating parts 
are concerned), but the deficiency the counterweight the main driver 
decreases the pressure the rail the main driver when the counter- 
weight down and thus increases the the rail the adja- 
cent drivers. The existence these influences evident from the 
analysis and illustrations already given. Whatever may the effect 
this abnormal distribution counterweight upon the frame the 
locomotive upon its riding qualities, evident that deviation 
from uniformity counterbalance effect among the several drivers 
aggravates conditions producing stresses rail which otherwise may 
bad enough. 

The Santa type locomotives used the tests may seem extreme 
the amount and distribution counterweight, but the underbalance 
the main driver locomotives this type used some railroads 
reported considerably greater than found these locomotives; 
the other hand, the Santa type locomotive least one rail- 
road has underbalance less than half that those the St. 
Louis-San Francisco Railway. other features the design also these 
locomotives were not produce low even stresses the 
rail. The weight given for the main driver, 600 lb., considerably 
greater than that the second and fourth drivers, which might advan- 


given more load than the first and fifth. Even low 


speeds the second and fourth drivers give considerably lower stresses 
than the others. the effect the cylinder pressure mid- 
stroke when the locomotive working give vertical component 
crank pin which serves increase the pressure the rail under 
the main driver both for counterweight and counterweight down. 
The weight the trailer, wheel located some distance from other 
wheels, and thus having little moment-decreasing influence from the 
other wheels these locomotives, too great produce even effects 
rail stresses, the stress rail this wheel low speeds (see Table 
being considerably greater than those the drivers, and higher 
speeds generally being the highest any point except the main 
driver. 

The stresses rail produced these locomotives speeds 
miles per hour are high. should borne mind, too, that the values 
under discussion are the average stresses for the runs, and that the 
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sional maximum stress much higher, and that the stress one side 
the rail will still higher. Speed and counterbalance was found 
increase stresses very rapidly. For the main driver the ratios the 
stresses the higher speeds the stress miles per hour (2.04 for 
miles per hour, 2.54 for miles per hour, and 3.68 for miles per 
hour) show undesirable and unsatisfactory conditions locomotive 
far the effect the maintenance and life the track con- 
cerned. The occurrence stresses base rail (the average the 
values the two edges) high 52000 per sq. in. (and 10% 
higher head rail), observed high speeds number cases 
where the records were well defined, shows that not strange that 
kinks and rail failures were produced the regular service these 
locomotives. some the runs miles per hour, kinks rail 
were developed near the rail which instruments were placed. Even 
lower speeds than those which may have produced such visible injury 
track, the punishment the track and the effect continued appli- 
such stresses probably would sufficient cause considerable 
injury the track structure. Such locomotives should run only 
low speeds, and every precaution should taken prevent even the 
use higher speeds heavy down grades undulating 
country through other carelessness. The observance much higher 
stresses under the left side the locomotive than under the right 


hoped will lead investigation determine the origin this undesir- 
able effect upon track. 


with the Pacific Type main purpose 
the tests with the Pacific type passenger locomotive made 
the St. Louis-San Francisco Railway was find the increase stress 
due speed and counterbalance. The Railroad Company, how- 
ever, desired learn the effect certain variations these locomo- 
tives,—the addition mechanical stoker, different arrangements 
equalizing lever, and the lightening rotating parts—and the tests 
were outlined with view including the effect these variations 
the locomotives. Part the changes locomotive were relatively 
small and their extent had not been realized when the tests. were 
started; the resulting change distribution load among the several 
wheels was also uncertain. The demands for locomotives under the 
existing traffic conditions and the beginning winter weather made 
impracticable extend the tests secure adequate number 
runs for some the purposes the test. getting the effect 
speed and counterbalance, has been found best group series tests 
which have different locomotives and different conditions locomotive, 
that some the effects may masked the differing conditions 
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and the real increases due speed and counterbalance therefore may 
greater than the values reported indicate. 

Table gives the variations the Pacific type locomotives used. 
Series were made with the locomotives received from the 
builders except the position the pin the equalizing lever was 
changed for some the tests. The second location test (rail adjoin- 
ing that used for the first test) was used determine whether the first 
test location was any way abnormal; comparison the results 
that there was little difference conditions. 

Series and made with Locomotive No. 1061 having mechan- 
ical stoker added were made the beginning the test work the St. 
Francisco Railway. evident from the data that the 
instruments were not working satisfactorily the observers were not 
good practice. Many records were indefinite not usable. 
the number runs was small, the number definite values obtained 
was too small use making comparisons, and these two series will 
not reported. the stoker weighed only 3500 lb. and the weight 
added one wheel was probably much less than 1000 large num- 
ber runs would have been necessary secure adequate amount 
data for making proper comparison. 

The Pacific type locomotives were received and generally used with 
the pin the rear hole the equalizer bar the rear the locomo- 
tive. The change the pin the middle hole releases weight from the 
trailer and increases the weight the drivers. also expected 
decrease the the front trucks. The changes the weights 


the several wheels calculated the Mechanical Department 
railway may seen from the following weights: 


Third Main First Two truck 
Trailer. driver. driver. driver. wheels. 


Pin middle hole.. 950 450 950 550 


These calculated values indicate that the change length equal- 
izing bars, 300 lb. released from the trailer and 300 from the 
two truck wheels and that this 600 lb. divided equally among the 
three drivers. Based the calculated assumed distribution the 
weight the locomotive among the several wheels, the stress the rail 
the method combination wheel loads given the 
first progress report would decreased per sq. in. under 
the trailer and and 400 per sq. in., respectively, under the two 
truck wheels, while the stresses under the three drivers would 
increased 1000 and per sq. in., respectively. The test 
results are not fully comparable for this purpose, and the results the 
series with the pin the two positions are not entirely concordant. 
The average the results the several series indicates that changing 
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the pin the middle hole decreases the stress rail under the trailer, 
and increases the stress under the three drivers, with little change under 
the truck wheels. The amount this change, however, given the 
averages Series 12, much less than the change found caleu- 
lation the basis the assumed distributions weight. The effect 
speed was noticeably less the trailer with the pin the middle 
hole. 

Series 10, 11, and may grouped together for finding the 
effect speed and counterbalance, though the differences conditions 
for the four series make comparisons some ways somewhat uncertain. 
there were about the same number observations for each posi- 
tion pin the equalizing bar, this variation should not affect the 
results materially. The effect differences locomotives and 
differences track the two locations course not known, but 
thought not large. 

The observed values stresses base rail for each speed each 
series were plotted with respect position counterweight, the values 
the plotted points groups for each twentieth revolution were 
then averaged and curve drawn represent well possible the 
position and trend these points, has already been described for the 
tests with the Santa type locomotive. The data for each speed 
the four series (9, 10, 11, and 12) were also plotted together and curves 
drawn which represent the averages the four series. Fig. gives 
the resulting curves for the combined series. The maximum, minimum, 
and mean values for the curves were taken from the diagrams. The 
values the stress rail for the four series and the combined series 
are given Table should noted that, was the case the 
tests with the Santa type locomotive, the greater number the 
plotted observed values was found belt each side the curve 
averages the diagrams data, the limits the belt being 000 
000 per sq. in. above and below the curves, while still other points 
were above and below the belt. shows graphically the principal 
stresses the combined four series, including the average negative 
stress points between wheels. 

Table are given the ratios calculated from the data Table 
for the combined four series. and are the stresses rail 
speeds 45, and miles per hour, respectively. the mean 
value the stress curve for the speed used. The total ratio, speed 
effect ratio, and counterbalance ratio are used the discussion 
the counterweight with the Santa type locomotive. Calculated 
counterbalance ratios, obtained with the data counterbalance given 
Article “The Locomotives”, the method already used, are also 
given the table. The upward and downward pressures 
miles per hour are 800, 000, and 000 for the first, second, 
and third drivers, respectively. The downward and upward pressures 
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Francisco Ramway. Maximum, AND 

Stresses are given pounds per square inch base rail. 


200 
400 


600 600 000 
200 


Mean value.......... 


value.......... 


Mean value 


Mean value 


Mean 200 


Mean value.......... 


Mean value.......... 


10, 11, AND 12—CoMBINED 
Mean value.......... 800 


200 


Calculated additional stress due 


per hour.......... 700 700 400 500 100 100 


Mean 700 400 600 
Series 
10.8 16 400 4 400 9 100 
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Position counterweight. Main, 


Average stress miles per hour assumed 
basis 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 


MILES PER 


Total 1.48 1.15 1.52 1.48 0.98 1,08 1.56 2.21 2.21 1.68 
5 
5 
5 
Calculated effect 0.01 0.01 0.28 0.28 0.15 0.15 0.29 0.29 0.27 0.27 0.01 0.01 


MILES PER 
5 


1.50 1.50 1.44 1.44 1.82 1,82 1.41 1.41 


Effect counterbalance (increase 
5 


Calculated effect 


0.03 0.08 0.50 0.50 0.26 0.26 0.52 0.52 0.48 0.48 0.01 0.01 
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were considered positive and negative loads the several drivers, and 
the additional equivalent single wheel load for this combination 
added loads was for each wheel the method described 
the case the Santa type locomotive. The ratios the result- 
ing values the equivalent single wheel loads found for the com- 
bination nominal static wheel loads was calculated, and given 
the calculated counterbalance ratio. 

The ratios Table may considered separate the effect 
counterbalance and the effect speed alone, though must not 
expected that the division effect will accurate. 

seen that the maximum stress rail the first and third 
driver occurs when the counterweight down speeds both 
and miles per hour, while the maximum stress the main driver 


Trailer Driver Main Driver Front Trucks 


10 000 2 
0.5 0.75 1.0 0.25 0.5 0.5 0.5 0,25 0.5 0,25 0.5 


Position Counterweight Parts Revolution 


Fic. AVERAGE STRESS RAIL THROUGHOUT REVOLUTION 
THE St. FRANCISCO RAILWAY. 


when the counterweight up. The maximum stress the 
trailer occurs when the counterweight the drivers up, the exact 
position being when the drivers have turned about four-tenths 
revolution from the down position the counterweight. The signs 
the counterbalance ratio for the main driver given Table 10, 
seen, are opposite the signs the observed counterbalance ratio 
for the main driver, while for the other wheels the signs the cal- 
culated and the observed ratios agree. 

explanation offered except that the weights the rotating 
parts may different from those given Table that the assumed 
effect such parts the main rod error. The effect the main 
rod and side rod being outside the plane the driver seems account 
for only part the discrepancy. The results are pronounced and 
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the information the position counterweight for the observations 
definite and general that doubt can thrown the character 
the test data this respect. may added that would not 
require large discrepancy the amount and position the counter- 
weight the main driver, the weight the rotating parts 
tributary this driver, produce quite change the 
vertical pressure the down position the counterweight, taking into 
account the effect the dynamic augment the adjacent drivers 
upon the vertical pressure the main driver. Possibly the weight 
rotating parts given may not have been properly divided among the 
three drivers. 

will noted that the counterbalance effect upon the trailer 
considerably larger than would expected from the effect due 
relief load rail third driver when the counterweight up; 
may receive portion the effect counterbalance the drivers 
some way through the equalizing levers. The maximum stress 
the trailer when the counterweights the drivers have moved 
about four-tenths revolution beyond their low position. 
observed that the ratios for the counterbalance effect the drivers 
considerable, amounting 44% the low speed stress for the third 
driver speed miles per hour. The method combining the 
results the series may expected make the apparent effect 
counterweight smaller than the actual effect, the tendency the 
combination being flatten out the curves; for example, Series 
gives results which are considerably higher than those Table 10. 
seems probable that there some transfer from main driver 
adjacent drivers through the equalizer bars when the counterweight 
and vice versa when down. 

The effect speed alone, shown the speed effect ratios, 
quite uniform for the drivers and trailer and closely proportional 
the speed. The additional stress due speed alone quite moderate 
for all three wheels. The stress the truck wheels increases rapidly, 
though the value miles per hour not excessive. Fig. gives 
the stresses the wheels the tender for Series 10, 11, and 
bined. The effect speed considerable, the average ratio stress 
and miles per hour the stress miles per hour being 
1.95 and 2.25, respectively. 

The total effect ratio indicates that the effect speed and counter- 
balance together does not differ much for the several drivers and 
the trailer, either for maximum values generally for minimum val- 
ues. Attention called the very high stress the trailer 
speeds and the considerable increase with speed—this too results 
which average the data with the equalizer pin the two positions. The 
stress third driver was also high. should borne mind, 
course, that the band the plotted data gave frequent points 4000 
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miles per hour 


—— 


miles per hour 


Position Counterweight 


nm 


Low 


miles per hour 


000 


Fic. HIGH AND LOW POSITION COUNTERWEIGHT, 
THE FRANCISCO RAILWAY. 
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per sq. in. higher than these values and that occasional values were 
found which are more than 10000 per sq. in. higher. 

The Railroad Company lightened somewhat some the rotating and 
reciprocating parts Locomotive No. 1063 cutting away metal. The 
weight given for the lightening the rotating parts included lb. for 
the rear end the main rod and for the part the side rod 
considered tributary the main driver. The information fur- 
nished that change was made rotating parts affecting the -first 
and third drivers. The effect decreasing the rotating weight the 
pin lb. would increase the downward pressure the 
main driver when the counterweight down and decrease when 
the counterweight up—to decrease the dynamic augment effect 
the main driver underbalanced and increase overbalanced. 
The effect upon the two adjacent drivers would decrease the 
equivalent single load pressure somewhat for counterweight down, but 
the effect would small. The data Series and for stresses the 
main driver are indefinite the matter effect counterbalance; the 
points are quite scattered and was found impracticable draw 
for speed miles per hour, and that for miles per hour 
was less regular than those found other tests. The diagrams give the 
impression that the counterbalance effect this wheel was small and 
rather variable for the different positions the counterweight. For 
speed miles per hour the calculated change stress rail the 
main driver due the 63-lb. change counterbalance would 
decrease 1500 per sq. in. when the counterweight and 
increase the same amount when down, and for speed 
miles per hour change 900 per sq. in., and seems probable that 
such change was effected. 

15.—Test with the Mikado Type Locomotive.—The tests with the 
Mikado locomotive No. 1769 the Illinois Central Railroad were made 
principally find the effect speed and counterbalance upon stress 
rail for this type freight locomotive. The results are concordant 
and generally definite and these respects are more satisfactory than 
most the tests which have been made. Sample plots observed 
values stress rail are given Figs. 22, which give also the 
curve average stress throughout the revolution the driver, the belt 
most frequent values, and line representing the mean the 
stresses found one revolution. Fig. gives curves average stress 
throughout revolution for the several wheels the four speeds. Fig. 
shows the stress high point and low point counterweight taken 
from these curves. These values stress rail are given Table 11, 
together with the mean value for the curve average stress. 

Table gives the total ratio (combined speed and counterbalance 


effect), speed effect ratio, and counterbalance effect ratio, the 
5 
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MEAN VALUES FROM CURVES. 


Stresses are given pounds per square inch base rail 


Speed, NUMBER. Front 

counterwe 


200 


‘ 


800 


stress due 


per hour 


nomenclature being the same was used the discussion the tests 
with the Santa and Pacific locomotives and the stress miles per 
hour being the divisor used obtaining the 

will noted that the stress the first, second, and fourth drivers 
greatest when the counterweight down, and that the stress the 
main driver greatest when the counterweight up. The stress 
the trailer greatest when the counterweights the drivers are some- 
what past their high position. The truck wheel shows the effect 
counterbalance, the high stress rail occurring when the counter- 
weights the drivers are slightly past the high position (about one- 
seventh revolution), and the corresponding low stress the oppo- 
site position. The results indicate that the main driver under- 
balanced for rotating parts, and that the other drivers are over- 
balanced. 

The figures for counterbalance weights given the Motive Power 
Department the Illinois Central Railroad (see Table page 17), 
indicate the same condition counterbalance for each driver, 263 lb. 
overbalance for rotating parts (to balance 60% the reciprocating 
parts, considered taken the four drivers equally). Not only 
the position counterweight the main driver which gives the highest 
stress rail the opposite that obtained analysis for the weights 
given the table, but the counterbalance effect found for the several 
drivers much larger than the calculated values. the first, second, 
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THE ILLINOIS CENTRAL RAILROAD. 


Truck 


TRAILER. 
Position counterweight. Main. 


Average stress miles per hour assumed 
MILES PER 


5 

Calculated effect counterbalance...... 0.00 0.07 0.07 0.06 0.06 0.08 0.08 0.08 0.08 0.02 0.02 


MILES PER 


5 

Effect of 1.20 1.20 1.21 1.21 1.25 1.25 1.28 | 1.28 1.22 1.22 1.54 1.54 


MILES PER 
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effect counterbalance............. 0.01 0.01 0.24 0.24 0.21 0.21 0.26 0.26 0.26 0.26 0.05 0.05 
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Position Counterweight Parts Revolution 
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000 


0.5 0.6 0.7 0.8 0.9 1.0 0.1 0.2 0.3 0.4 0.5 
Position Counterweight Parts Revolution 
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Main Driver 
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4th Driver 


000 


000 


000 


e 


000 


Stress Base Railin per in. 


0.5 0.7 0.8 0.9 


0.2 0.3 0.4 
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Position Counterweight Parts Revolution 
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and fourth drivers and for the speeds 25, 35, and miles per hour 
the average the ratios expressing effect counterbalance given 
Table more than twice the calculated value. For the main driver 
these three speeds the ratios expressing the counterbalance effect 
miles per hour, 0.50 miles per hour, and 0.67 
miles per hour) are three four times the calculated values, and the 
high stresses occur when the counterweight instead when 
down would expected from the counterbalance data given. 
consideration the planes which the several rotating parts act only 
partly explains the discrepancy the case the main driver. 

explanation offered for the remaining discrepancies. Possibly 
the weights parts may not correctly reported, and their distribu- 


Trailer 4th Driver Main 2nd Driver Driver Front Truck 


~ 
0.5 0.75 1.0 0.256 0.5 0.5 0.751.0 0.25 0.5 0.75 1.0 0.25 0.5 
0 0.25 0.5 0.751.0 0 0.25 0.5 0.751.0 0 0.25 0.5 0,75 1.0 


Position Counterweight Parts Revolution 
Fic. 23.—CuRVES AVERAGE STRESS RAIL THROUGHOUT REVOLUTION 


LOCOMOTIVE THE ILLINOIS CENTRAL RAILROAD. 
tion may also not correct. Although the counterbalance effects are 
generally not large, the additional stress main driver miles per 
hour (the speed limit given the railway regulations) 50% great 
the stress miles per hour, and the stresses due counterbalancing 
would materially less the counterbalance effects were the same 
direction for each driver. 

The effect speed alone, shown the speed ratios Table 12, 
about the same for the several drivers. The ratios for truck wheel 
and for trailer are considerably higher the higher speeds. 

16.—Relation the Stresses the Two Sides the Base 
the first progress report was shown that lateral bending the rail 
occurred considerable extent; that most frequently the rail was bent 
outwardly point under wheel and inwardly point between 
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miles per hour 


Stress Base Rail Ib. per sq. in. 


Low High 


000 
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Position Counterweight 
miles per hour 
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wheels, though flexure opposite this also was frequent; that the 
change gauge track accompanying this bending was measurable; 
that the bending occurs with the locomotive rest and low speeds 
well higher speeds; and that the stress the outer edge the 
base rail may occasionally reach three more times that the inner 
edge. examination the data some the tests described this 
report has been made with view supplementing the 
given the first report. 

study has been made Series and (with the Santa type 
locomotive), Series and (with the type), and the Series 
made the Central Railroad (with the Mikado type). The 
stresses for the two sides the base rail were plotted separately 
according the position the counterweight, and curves were drawn 
represent the trend and position the points throughout the revolu- 
tion for stress both outer edge base rail and inner edge. The 
curves for stress outer edge and inner edge are quite similar, that 
for outer edge being higher than the curve average stress base 
rail heretofore reported, and that for inner edge lower. The point 
maximum stress for outer edge generally comes little later the revo- 
lution than that for inner edge. 

was found that the average all the for the outer 
edge was greater than that for the inner edge. This conclusion applies 
all speeds and all positions the counterweight for all the drivers 
and the higher stresses found well the lower. also applies 
the trailer and the tender wheels. The average the stresses 
the outer edge for the several wheels ranges from, say, 50% greater 
than the average the inner edge; that is, the average stress the 
outer edge from 20% greater than the mean stress base rail, 
which the stress heretofore used. 

This indicates that general condition exists tending give out- 
ward lateral bending rail. further investigation has been made 
determine what that condition is. may noted that the difference 
stress the two sides the rail was great, greater, under the 
main driver under the other drivers. the case the Santa 
type this driver has flange and was slightly worn. While the num- 
ber observations giving the higher stress the outer edge was con- 
siderably greater than that the inner edge, the number having the 
opposite relation was means small, showing that the swaying 
the locomotive laterally factor the problem. 

similar relation exists points between wheels the region 
negative bending moment, though here the lateral bending generally 
the opposite direction from that the wheel and the average stress 
the inner edge greater ihan that the outer edge. 

More important than the average value the edges the base 
rail are the relative values the individual observations. The ratios 
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the stress edge the mean stress base rail were plotted. 
study these shows that 20% the observations, the stress 
the outer edge more greater than the mean stress base 
rail, few cases reaching excess 50% more, and that this 
holds good throughout the revolution the driver. excess 20% 
quite common. stress inner edge 33% greater than the mean 
stress was found in, say, the observations. example 
large difference stresses the two edges, though not high 
ratio stresses, values for the main driver the Santa type 
speed miles per hour may cited, per sq. in. the 
inner edge, and 000 lb. per sq. in. the outer. 

The lateral bending rail has some bearing the design rail 
section and the design tie plates. will seen that for the 
rail sections used, ratio stress outer edge mean stress base 
rail having value 1.33 means that the lateral bending moment 
the rail about the vertical bending moment required 
develop the mean stress. should noted that the results herein 
presented were obtained with track which may said ordinarily 
good condition; ‘the results given the first progress report for track 
poorer condition and for track with decayed ties show that the 
amount lateral bending may materially greater and that there- 
fore the condition the track important element the problem. 

17.—General Figs. 25, 26, 27, and the ratios for 
total effect, speed effect and counterbalance effect given Tables 
10, and have been plotted. These ratios show the relation between 
the stress rail the several higher speeds and the stress rail exist- 
ing speed miles per hour. all the series the total effect ratios 
are concordant and show marked increase stress with speed, the 
increase being faster than the first power the speeds. The method 
used making division this total effect ratio into effect speed 
alone and effect counterbalance course not accurate, and may 
expected that large counterbalance effect will result increased 
speed effect well. Fig. gives the ratios for the average speed effect 
for the tender wheels the three types locomotives used, well 
the values the average stresses these wheels. 

will noted that the increase stress rail drivers and 
trailer beyond miles per hour due speed alone, varies almost directly 
faster rate. Averaging the values the ratios the drivers and trailer 
and for comparison using speed miles per hour all cases, 
seen that for this speed the increase stress rail due speed alone 
over that miles per hour will about 70% for Series and 50% 
for Series (average 60% for the Santa type locomotive used), 
about 35% for the Pacific type locomotives, and about 50% for the 
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POSITION 
COUNTERWEIGHT 


Total effect. 
Effect speed. 


Effect 
counterbalance. 


Ratios calculated from 
counterbalance weights 
given Table 


Speed Miles per Hour 
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Ratios Additional Stress Rail Higher Speeds 


POSITION 
2.00 COUNTERWEIGHT 
1.50 
Total effect. 

_Effect speed. 


counterbalance. 


Ratios calculated from 

counterbalance weights 


=1,00 


Speed Miles per Hour 


THE FRANCISCO RAILWAY. 


Low 
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Mikado type locomotive. the tender wheels, the stresses in.rail in- 


crease almost directly the increase speed. The increase 


stresses miles per hour over those miles per hour the tender 
wheels approximately follows: Series 50%, Series 100% (an 
average 75% for the Santa type locomotive); Pacific locomotive 
and Mikado locomotive, per cent. seen that the ratios 
for the drivers are general less than those for the tender 
1.00 


ress Miles per Hour 


n 

— 

COUNTERWEIGHT 

Low 

counterbalance 

from counterbalance 

3S 


Speed Miles per Hour 
Fic. TOTAL EFFECT, SPEED EFFECT, AND COUNTERBALANCE 
EFFECT STRESS MILES PER Hour, SERIES 10, 11, AND 
COMBINED, TYPE LOCOMOTIVE THE 
St. RAILWAY. 


wheels (the ratios not include the effect counterbalance), and the 
increase the tender wheels varies considerably for the different loco- 
motives. some the locomotives (particularly the Santa type) 
the increased stress some the wheels materially higher than the 
average values quoted above. 

The counterbalance effect low and high position counter- 
weight, with both underbalance and overbalance, brought out Figs. 
25, 26, 27, and 28. appears that with the main driver underbalanced 
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LOCOMOTIVES 


Series 
Pacific 


—-—o Mikado 


Series 
Sa: 


Ratios for Average Speed Effect 


Speed Miles per Hour 


Fic. STRESSES AND RATIOS FOR AVERAGE SPEED EFFECT FOR THE 
TENDER WHEELS THE THREE TYPES LOCOMOTIVES. 
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and the other drivers overbalanced there some transfer pressure 
through the equalizer bars, tending reduce somewhat the stresses due 
counterbalance, but the effect not very definite and seems 
uncertain. The stress due counterbalance increases much faster than 
the increase speed, though not always fast the square the 
speed. The average increase stress the several drivers due 
counterbalance effect, indicated the ratios the figures, for 
common speed miles per hour over the stress miles per hour 
about 90% for Series and 80% for Series (average 85% for the 
Santa type locomotives used); for the Pacific type; and 60% 
for the Mikado type. The increase stress the main driver each 
case this average, and with the Santa type very 
much greater. 

Points representing the calculated effect ratio: are 
also given Figs. 25, 26, 27, and 28; they are based upon the counter- 
balance weights given Tables and without consideration 
the effect the planes rotation the rotating parts being differ- 
ent planes other distributing elements. will noted that 
number cases there considerable discrepancy between the observed 
and the calculated ratios. 

The following general observations are made: 

evident that there decided advantage the track 
making the counterbalance the several drivers differ but little from 
each other and from that condition which will give the best results, even 
though opposing conditions counterbalance the main driver and 
the adjoining drivers may have some neutralizing effect. under- 
balance one driver and overbalance one will give 
very undesirable cumulative effect. 

course expected that when the locomotive working 
the downward pressure the main driver will increased over that 
obtaining when the steam shut off was the case the tests here 
discussed. 

For the Santa type locomotives tested the stresses the main 
driver were much greater than the other drivers. 

Considering the stresses developed the tests not strange that 
great injury track done poorly balanced locomotives run 
high speed. Even lower speeds, where kinking rail does not 
result, the punishment the track much greater than will caused 
well-balanced locomotives. The effect counterbalance and speed 
add greatly the load carried rail, tie, and ballast. 

Effort may well made reduce the counterbalance effect 
stress track use the best methods design locomotive and 
the use material which will permit minimum counterbalance 
effect both rotating and reciprocating parts. 
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important that care taken determine the actual weights 
and position counterweights and the actual properties the side 
rods rods. Care should taken learn whether the 
assumed division load among the drivers the completed locomo- 


tives obtained. 


Locomotives will give very different stresses rail the different 
wheels according the wheel spacing, the division load, and the 
effect adjoining wheels. 

apparent from analysis that for the spacing wheels the 
three types locomotives the stress the trailer under static load 
low speeds will relatively large the weight the trailer 
greater than, say, 75% the average weight drivers; and the tests 
would indicate that for locomotives with even fairly good counter- 
balancing discrepancy low speeds between the stress the trailer 
and the stress driver, due relatively heavy load the trailer, 
may expected exist also higher speeds. 

was found that the wheels the tenders the different types 
locomotives gave quite different effects speed the stress rail. 

Attention may well called the method herein used 
ting the stress rail for combination driver loads. The method 
ordinarily adopted taking into account the counterbalance effect uses 
the dynamic augment for the given driver only. getting the stress- 
producing bending moment the rail, however, necessary take 
into account the dynamic augment also the adjoining drivers. With 
the main driver underbalanced and the adjoining drivers overbalanced 
the pressures adjacent drivers are especially influential and 
the effect the combined loads should not overlooked. should 
added, too, that the effect counterbalancing upon bending moment 
rail different from the effect upon rail depression and 
rail—these must calculated separately. 

the discussion counterbalance, and the calculation the 
stress produced the rail, attempt has been made into the 
complications the problem involved the yielding the loco- 
motive springs and the track acting spring, the effect the 
rotating parts not being the same plane, and other disturbing 
elements. 

The tests were made 85-lb. rail. felt that the effect 
speed and counterbalance producing stress rails other weight 
will follow general the results found with the 85-lb. section. The 
increase stress given speed over the stress miles per hour 
may considered produced additional loads the drivers, 
due speed and counterbalance, and the amount these additional 
loads may calculated the use the analytical methods outlined 
the report. The loads thus found for speed and counterbalance effect 
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may used judging the effect speed and counterbalance with 
rails other sections. The calculations for stress section may 
made the basis the analysis for bending moments given the first 
progress report, the section modulus the given rail being used 
the stress developed the bending moment found. 

evident wheel spacing, distribution load among drivers 
and trailer, and counterbalancing have marked influence upon the 
stresses developed rail and also the track structure below the rail. 
Adequate consideration therefore should given these elements 
designing locomotives the track not called upon unduly 
loads and resist stresses which are unnecessary excessive. 
The uncertainty which may exist concerning exact conditions 
counterbalance matter which warrants greater attention. 


18.—Depression Track under Load and Modulus Elasticity 
Rail Support.—In the first progress report the Committee the gen- 
eral question the depression track under load was considered 
and the effect the make-up and condition the track structure 
upon stresses rail and distribution load among the ties was dis- 
cussed. connection with the tests determine the flexural action 
ties track (presented under “IV.—Depression, Flexure, and 
Bearing Pressure Cross-Ties”), made since that report was prepared, 
tests have been made obtain the depression the track under the 
conditions which obtained when these tests ties were made. pur- 
pose making these profiles rail depression was determine the 
proportion the load applied the rails which may considered 
taken single tie. The tests served also show the relative 
effects different amounts load and something the general con- 
dition the track. 

Under the best conditions, with freshly tamped track, the depression 
any tie may expected nearly proportional the load applied 
the rail and likewise proportional the load taken the individual 
tie. For track not recently tamped poor condition there will 
slight play between the tie and the ballast along parts its length, and 
part the resistance before the tie takes bearing along its length will 
due the bending the tie under the action the lighter loads. 
These and other influences found track not the best condition 
make the line representing the relation track depression applied 
load vary from straight line through least part its length. 

Fig. 30, the relation between tie depression and load tie for 
track best condition illustrated (a). The vertical distances 
represent the depression rail; the horizontal distances are propor- 
tional the load the track. This condition gives constant modulus 
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elasticity rail-support—the term defined the first progress 
report the pressure per unit length each rail required depress 
the track one unit and which was found considerable service 
analytical investigations. 

illustrated the case where light load produces consider- 
able depression and greater loads result additional amounts 
depression which are proportional the increments load. The 
distance from the origin the point where the line passing through 
the points intersects the vertical axis may considered represent 
part the play space between the bottom the tie and its bed when 


0.00 


Depression Rail Inches 


Load Truck Thousand Pounds 
LOAD-DEPRESSION DIAGRAM. 


the tie not under load, though course there some bearing 
resistance the tie for track depressions less than the amount this 
intercept, and part the total play may between the rail and the 
tie. general the direction the line through the points obtained 
the several loads represents the load-depression relation and 
closely parallel the line found for well-tamped track. For general 
purposes the direction this part the line may used deter- 
mining the value the modulus elasticity rail-support. 
19.—Track-Depression Tests Illinois Central the 
tests track depression made 1918 the load was furnished cars 
loaded such way give the desired weight the truck one 
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end the car. The end the car used the test was weighed 
track scales. the use the data the tests assumed that 
each wheel the ear truck carried one-fourth the weight found. 
the tests the Illinois Central Railroad three loads were used, 
100 000, 000, and 000 single truck; that is, 000, 250 
and 4500 lb. each the four wheels the truck. The smallest 
load was taken being sufficiently heavy bring the tie full 
bearing its bed and eliminate any play which may exist between 
rail and tie and tie and ballast. The wheel base the truck was 
ft.6 in. The distance between trucks (31 ft. center center for the car 
giving loads 100000 and 53000 lb. and ft. for the one giving 
000 lb.) was such that the load the trucks the farther end 
the car did not have large ‘effect upon the track depression the 
middle the length the car. The center the truck was placed 
the middle the length the rail, except Section and 
cinder ballast (alternate joints) where the load was placed the 
quarter points the rail. 

The level bar described the first progress report was used 
taking the levels along the rails for zero load and for the other loads 
from which the track depressions were computed. The method 
making test was the same that described the first progress report. 
fixed reference stake was placed in. from the rail and levels 
were carried from this bench mark the rail means the level bar 
for each set levels. set levels along the portion the rail meas- 
ured was first taken for zero load. One the loads was then applied 
and levels were run over the stretch rail, and this was followed with 
measurements the remaining loads. all cases levels were run 
both rails. 

The tests were made the main line the Central Rail- 
road about two miles north Champaign, the track pre- 
viously prepared for the track tests the sections track 
marked and Fig. the previous report. The ties were 
the 8-in. 8-ft. sawed oak ties furnished for the test track 1914. 
The rail Sections and was the 85-lb. rail Am. 
tion, the same was the track the previous tests, and that 
‘Section was the 125-lb. rail also used the other tests. Besides these 
tests, test was made the north-bound freight lead shown Fig. 
the previous report, which has rail and in. more 
ballast, and the usual run hewn oak ties with few sawed ties. 

The main track hud not been tamped for some time, year more, 
and although only passenger trains used ordinarily, the track was 
not good surface condition. The track depressions found and the 
flexural action the ties show looseness and play between tie and 
ballast. Attention should called, too, the scantiness the shoulder 
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ballast the outer side the south-bound track (see Fig. 43), par- 
ticularly Section which gave little support the ties this end. 
Altogether, however, the track was not bad riding condition and 
may said representative much well-made track times when 
has received the effect traffic over considerable period after tamp- 
ing. one location, B-2, the track was tamped slightly between tests 
but not enough improve its condition materially. 

Section tests were made two locations (adjoining rails) 
which will designated B-1 and B-2. This section has in. stone 
ballast. Section the two locations (also adjoining rails) will 
designated C-1 and This section has in. stone ballast. 
Section the ballast in. deep. 

Figs. 31, 32, 33, 34, and give the track-depression profiles. The 
loads given are the total loads single truck. The levels were taken 
for length ft. more, depending upon the location the joints, 
and the results for the full length are given for Location C-1, C-2 
and cinder ballast; for the other locations the profiles for shorter 
length are shown, including all the ties which carry loads any 
amount. Figs. and load-depression diagrams have been 
plotted below the profiles for different points along the rail, the hori- 
zontal distances being proportional the load the truck; the inter- 
cept the vertical axis the straight line used taken the vertical 
play the track. several cases the measurements for the east rail 
were found inconsistent and unreliable, and these have been 
discarded. 

making the calculations for tie reactions, the amount the play 
found from the load-depression diagrams was subtracted from the 
observed tie depression; the total load was divided the sum the 
net depressions for all the ties carrying load; the product this 
quotient and the net depression tie was taken the load re- 
action that tie. the play found for different parts the track- 
depression profile was fairly uniform the average play was used. 
some cases the play differed considerably points along the profile and 
was necessary use that found for each tie. Generally speaking, the 
length rail considered included all the ties showing positive net 
depression. there was some negative reaction ties beyond these 
limits the actual load the ties considered was reality greater than 
the applied load. 


Table the tie reactions are given for the several tests. The val- 
ues are given terms the load truck the end the car used. 
The ratios given the table are more convenient for making compari- 
sons than weights. Values found from the higher loads are given; for 
the low load the effect the tie play great that comparison based 
this load would not especially useful. gross depressions had 
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been used instead net depressions the tie reactions throughout the 
middle the track-depression profile would smaller than the values 
given Table and those away from the loads would greater. 
The values Table indicate that for this two-axle loading and 
rail the tie reaction the wheel from 16% the load 
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the truck, and point midway between wheels the tie reaction may 
more. The value derived means track-depression formulas 
found the analysis given the first progress report for the condi- 
tions this test about 15% the wheel and 16% midway between 
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wheels. The depression away from the wheels also agrees fairly well 
with that determined the analysis. Still farther away, the region 
where negative pressures have more influence the analysis, cannot 


expected that the conditions the track will those assumed 
the analysis. 


Depression Rail Inches 


Depression Rail Inches 
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The values and between loads given Table are somewhat 
greater for truck load Ib. than for 100 000 although the 
difference ratios not large. the axle load 000 lb. the ratio 
for the maximum tie reactions still somewhat greater. the partial 
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taken into consideration, the difference the ratios corresponding 
the three loads will become still less. most purposes sufficient 


consider that the proportion load taken tie independent 
the total load applied. 


TABLE REACTIONS TERMS LOAD TRUCK. 
ILLINOIS CENTRAL RAILROAD. 


Total Load 000 Ib. 


Total Load 100 000 Ib. 


Total Load 100 000 Ib. 


C-2 


would expected, the stiffer rail Location gives wider 
distribution load and smaller maximum tie reaction. the analy- 
sis for the conditions the test, the reaction the tie wheel 
calculated 13% the load the truck. The depression profiles 
for this location are regular, and nearly the same for the two rails, 


resistance corresponding the first part the depression the track 


might expected with the stiffer track. the other hand, the de- 
pression profiles for the freight track (cinder ballast) are irregular and 
uneven, the load-depression curves deviate considerably from straight 
line, and the conditions are such give uneven loads ties and 
increase the stress rail over that which would found good track. 

The amount the play between rail and tie and tie and ballast 
shown the load-depression diagrams ranged from 0.06 0.18 in. (un- 
tamped track). some the sections, the amount varied consider- 
ably throughout the length carrying the load, say, 0.10 in., showing 
great diversity the bearing the several ties. The condition the 
bearing the two sides the track also These 
facts will found significant when the discussion the flexure 
ties made. true, course, that places away from the test 
sections, which had ties uniform dimension and the track 
play was greater and more variable, could observed the time 
trains were passing. 

The values the modulus elasticity rail-support, obtained 
from the test data for Locations and range from 900 300 per 
in. per in., with average value 1100. The value Location B-2, 
after the track had been tamped slightly, was about 1200. The value 
(24 in. ballast not recently tamped) was about 
The value for the test cinder ballast was 1000, although must 
borne mind here again that this track was not good surface. 

20.—Track Depression Tests Chicago, Milwaukee and St. Paul 
tests for track depression the Chicago, Milwaukee 
and St. Paul Railway were made the manner already described for 
the tests the Illinois Central Railroad. The loads the truck 
one end car were 100 000, 000, and 000 which were assumed 
equally divided among the four wheels the truck. The wheel 
base the truck was ft. in., and the distance center center 
trucks was ft. in., ft., and ft. in., respectively, for the 
cars giving the loads named above. the rails were laid with alter- 
nate joints, the center the trucks was placed the quarter points 
the rail. 

The tests were made the main line the Milwaukee Division 
and the Janesville Division, branch line. The tests the main 
line were made two points (see Fig. 36), the east-bound main 
track about mile south the station Deerfield, (east rail- 
road parlance) and and the east-bound main track quarter 
mile nearer the station. each case passing tracks permitted traffic 
routed that the tests were not interfered with. The tests the 
Janesville Division were made the single track mile west the 
station Libertyville, 
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the main-line track Deerfield (called the Railroad Company 
Class track) the rail was Am. Soc. section. The ties were 
mostly hewn red oak ties, treated, though perhaps 20% 
were sawed ties which had replaced old ties. hewn ties were vari- 
able width ranging from in.; the sawed ties were in. wide. 
were in. thick and ft. in. long and part in. thick and ft. 
long. The ties were spaced about in. center center (twenty 
rail length The spacing was fairly uniform. The ballast was 
bank-run gravel, 45% which passes }-in. sieve. The depth bal- 
last was about in. the side next the other main track, and also 
the other side Location the surface the ballast ran level from top 
tie track tested top the tie the adjacent track. Location 
and the outer side the ballast extended level the tie for 
distance in. from the end the tie and then sloped down in. 


TESTS ILLINOIS CENTRAL RAILROAD 
CLASS TRACK Passing Track 


West Bound Passing Track 


West Bound Main 
Cha 
East Bound Main TRACK 
@ Tower A-23 East Bound Passing Track 
TESTS CHICAGO, MILWAUKEE ST.PAUL RAILWAY 


Fie. TRACK TESTS AND FLEXURE TESTS. 


ft. (see Fig. 44), that all cases there was adequate opportunity 
for full support the end the tie. The track surface was good 
condition, but had not been tamped for some months. The roadbed 
Location was not much above the level the ground; Location 
and was embankment considerable age. 

the branch-line track Libertyville (called the Railroad Com- 
pany Class track) the rail was 75-lb. Am. Soc. E., section. The ties 
were mostly hewn soft wood ties, quite irregular shape, but 20% were 
sawed ties, both oak and soft wood. The sawed ties were in. 
ft., and the hewn ties were somewhat wider. The ties were spaced 
twenty rail length feet. The ballast was gravel about in. 
deep. Due the existence the passing track (see Figs. and 44) 
there was little slope one side the track. the other the ballast 
sloped from in. below the top tie its end 1:2 slope, 
forming less effective support than was found the other side. The 
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track surface was indifferent condition, the track not having been 
tamped for some time. places this track had been built over soft 
spots, which times had given trouble subsidence. 

Fig. gives the track-depression profiles Locations and 
Class track and Fig. Location the figures load-depres- 
sion diagrams several points these profiles are also given. The 
play track denoted the intercept the vertical axis, found 
shown Fig. 30, was determined for number points along the rail; 
Fig. (and also Figs. and 40) second set profiles for one 
test has been drawn plotting the net depressions found deducting 
from the measured depression the play determined. will noted 
that the profile measured depressions somewhat irregular and un- 
symmetrical. The profile net depressions more nearly regular and 


and the final load-depression ratio shows nearly the same 


stiffness throughout. This illustrates the variations tie-bearing 
points close together even good track fair condition; has signifi- 
cance relation bearing pressure tie, tamping conditions, and 
stress developed the rail. The amount the track play ranges from 
0.02 0.17 in. the track-depression profile Figs. and 38. 
these tests, also, the depressions for one rail differed considerably from 
those for the other, though the net depressions were in.close agreement. 

Figs. and give the track-depression profiles Class track 
and also load-depression diagrams for several points along the rail for 
these tests. This track shows more irregularity along the length the 
rail and more variation play than was found Class track. the 
point maximum depression the west rail the upper profile 
Fig. the tie had been cut into the tie plate about in., fact 
which was brought out when the load was applied. 

Table the tie reactions are given for the several tests the 
Chicago, Milwaukee and St. Paul Railway, the values being terms 
the load one truck. The values and between wheels range from 
15%. Class with the heavier rail has somewhat lower tie re- 
action than Class 

The value the elasticity rail-support obtained 
from the track-depression profiles, about lb. per in. per in. for 
class track, and 900 for Class track. The value for Class track 
materially higher than that found the Illinois Central tests. Several 
factors may contribute this—longer ties, broader ties (more bearing 
area rail length), gravel ballast instead limestone ballast, 
greater depth ballast, better supporting conditions ends ties. 


Cross-Tie and its Action under railroad track 
ordinary construction the cross-tie performs many important func- 
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tions—it bears the load transmitted from the rails, makes definite 
connection and spacing between the two lines rails, transmits the 
pressure the bed ballast and its properties beam distrib- 
utes this pressure along its length. thus subject compression 
under and the vicinity the rail, tension compression 
structural connection between rails, and beam action giving 
distribution bearing pressures along its bed. these the last bears 
the most important relation the problems here considered; the others 
will not treated this time. 

The cross-tie has many features which make acceptable part 
ordinary track construction. has great flexibility meeting the 


0.20 


Fic. DEPRESSION PROFILES CHICAGO, MILWAUKEE AND 


varied and diverse requirements both ordinary and unexpected track 
and load conditions. gives facility providing, maintaining, 
shifting the gauge, line and surface track and tie renewals and 
other changes track, and accepted economical and reliable 
element ordinary track construction. known effective 
under very imperfect track conditions, being used where great variation 
size and quality tie, depth and quality ballast, and condition 
tamping track may expected cause marked differences the 
requirements put upon it. Quantitative data the flexural action 
the tie and the way its loads are distributed along its bed, well 
its depressions under load, therefore should considerable value. 
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22.—Method Attacking the problem con- 
sidered relating the action the tie involves the distribution and 
intensity the bearing pressure its bed along its length and also 
the bending moments and stresses developed this pressure and the 
load applied through the rails—these determined for the limits 
and ranges values included the variety conditions found 
track. This information will throw light the question the 
intensity pressure the ballast and also the design the tie, 
particularly tie new form dimensions materials other 
than wood were considered. The question the intensity 
pressure the ballast for differing conditions track tamping 


TABLE REACTIONS TERMS LOAD TRUCK. 
CHICAGO, MILWAUKEE ST. PAUL RAILWAY. 


Load Truck 000 


Location 
Tests 

Depth 
Ballast 


° 


Size Tie 
Inches 


per 


Load 000 Ib. 


track maintenance has bearing the questions track 


ballasting. Even bearing pressures give good riding quality the 
track, while spots with less and greater resistance depression increase 


the stress the rail and other parts the structure and cause more 
rapid deterioration the quality the track. 
bending moments and closely related various other parts 
the problem. 

study methods which may used attacking the problem 
determining the distribution the bearing pressure along the length 
the tie will bring out the difficulties attending the experimental work. 
There great diversity variations—differences bearing pres- 
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sures across the width the tie and along the tie; play between tie and 
its bed, which varies different parts the length the tie and 
varies greatly with the nature the tamping and the effects the 
action traffic; unequal (yieldability) the ballast vari- 
ous points—these illustrate difficulties encountered the problem. 
The use pressure-measuring devices between tie and ballast—such 
the pressure capsule described the first progress report—gave 
general information and served fairly well the laboratory investi- 
gation; but the number required the length one tie give the 
needed information and large number ties required determine 
the run conditions, the disturbance the track through inserting 
the instruments with the uncertainty whether the resulting con- 
dition track was representative normal track, and the chance for 
instruments becoming deranged the interval elapsing until the track 
would seem have reached normal conditions, all combined make 
the direct measurement bearing pressure impracticable method 
getting the information desired this subject. methods 
the measurement the strains deformations along the length 
the tie produced its bending was considered, but variations 
the properties the wood, especially under field conditions, well 
uncertainties other kinds, rendered this method impracticable. 

trial was then made method measuring the curve 
flexure the tie bends under the applied load the track and 
making use the relations between flexure, bending moment, and load 
derived mechanics materials for beam having the proper- 
ties the timber tie used. The measurements made included also the 
depression the tie below its original position, produced the 
compression the ballast and roadway other conditions. This 
method manifestly imperfect, having number limitations and 
uncertainties, but not difficult use, the track conditions may 
taken they are found, and the number tests may chosen 
cover variety conditions ties and track. The measurement 
tie depressions also gives information value the study stresses 
track. The method was used therefore being the best known 
method applicable the conditions the track. tests. has given 
data value, although certain uncertainties and inconsistencies are 
discernible the results, especially those resulting from the local 
bearing compression the vicinity the The details the 
method will described the following article. The consideration 
the bending moments will given succeeding article. Here 
only necessary note that the curvature the curve flexure 
the beam any point proportional the corresponding moment 


and stress—the sharper the curve the greater the moment and the 
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Making Tests—In measuring and 
flexure the ties stiff wooden reference bar (see Figs. and 42) 
was placed under the rails between ties and close the one which 
measurements were taken. each end this bar was attached 
iron cross-bar about ft. long, the ends which rested two sub- 
stantial stakes well driven into the ground, giving firm support 
the apparatus. These stakes were ft. more from the center the 
track. Attached the main bar were iron brackets (shown Fig. 41) 
which projected over the tie. each bracket was attached piece 
small angle iron; this was bolted Ames dial gauge which reacted 
against tack driven the mid-point the width the tie and served 
measure the depression the tie that point. The arrangement 
the attachment permitted adjustments vertically and horizontally. 


Fic. 41.—REFERENCE BAR FOR TEST DEPRESSION AND TIE. 


Before applying load the dials were adjusted read zero. For 
each load applied the dials were read the nearest half-thousandth 
inch. When the load was removed, small depression was indi- 
cated the dials and they were again set zero. The same load was 
again applied, the process being continued until three consistent sets 
readings were obtained. The average these sets readings was 
used. 

the tests the Central Railroad nine dial gauges were 
used—five between rails and two the outer side each rail. This 
number points was found not determine the curve flexure 
was desired, and the later tests made the Chicago, 
Milwaukee and St. Paul Railway the number dials was increased 
thirteen, seven between rails and three the outer side each rail; this 
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improved the character the data much. each case the dials 
next the rails were to,2 in. away from the base. 

The loads were given means loaded already described 
for the tests track depression. The three loads single truck 
(two axles) were 000, 000, and 100000 lb. the Central 
Railroad and 000, and 100 000 lb. the Chicago, Milwaukee 
and St. Paul Railway. The leading wheels the truck carrying the 
load were placed directly over the tie under test. The amount the 
load considered bear the tie under test was taken from the results 
the track-depression tests the given location. The smallest load 
used was generally more than sufficient overcome the play between 
tie and ballast, though course this should not taken mean that 
under this condition the pressure the bed ballast distributed 
uniformly along the length the tie. The largest load used gave tie 
reaction considerably less than that which would caused and 
between drivers ordinary Mikado Santa type locomotive. 
the study the data the largest load was generally used, though the 
smaller loads have given valuable information the action the tie. 

The readings all the tests checked very closely and the results 
are concordant. The effect the rail bearing compressing the fibers 
adjacent the rail unknown, but the reading the dials next the 
rail must include the general depression and bending the tie and 
also third element—the influence the local downward compres- 
sion the tie due the bearing pressure the rail; the latter will 
have taken into account interpreting the curves flexure 
related bending moments and stresses. 

The form reference bar given Fig. the improved form 
used the tests the Chicago, Milwaukee and St. Paul Railway. 
The bar used the earlier tests was lighter and less stiff. the use 
this apparatus should noted that was necessary remove 
the ballast between the tie tested and adjoining tie 
depth in. below the top tie. This probably had little effect 
upon the action the tie during the tests, although under continued 
traffic greater loads the effect might noticeable. 

24.—Location and Description gives data the 
location ties which measurements depression and flexure were 
made, together with condition the track. The letters and 
designating location the Central Railroad refer the sec- 
tions track north Champaign, shown Fig. the first 
progress report. The ties the main-line track were the sawed oak 
ties in. ft.) furnished for the test track 1914. The tests 
the freight lead were made two ties about in. 
ft. and sawed oak tie in. ft. The location the tests 
the Chicago, Milwaukee and St. Paul Railway has already been 
described under “Track Depression Tests the Milwaukee 
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and St. Paul Railway”. Sawed ties were selected for test because 
their uniformity cross-section. The ties Class track were 
in. were all ties the Class track. 

Attention should the condition the cross-section 
track the test locations given Figs. and 44. some the 
sections the Central Railroad may seen that there 
scant amount ballast above the bottom the tie near its ends, 
particularly the outer side the track. the Chicago, Milwaukee 
and St. Paul Railway, has already been pointed out, the sections 
are such that there was opportunity for full support the end the 
tie. The condition the track surface has been described under 
“Track Depressions”; may well again call attention the fact 
that the track all the test locations had not general tamp- 
ing for some time and that some was apparent that the 
track was indifferent condition surface and tamping, and thus 
furnished opportunity determine depressions and flexure under other 
than best and really under conditions frequently found 
practice. 

25.—Diagrams Depression and Flexure and Their Significance.— 
Figs. give the depressions and flexure the individual ties 
the profiles, ranged from 11000 000 perhaps 
averaging 15000 lb. The vertical seale relatively large, thus bring- 
ing out the curvature, which course slight, the case with any 
short stiff beam. The tie depression under this load varies from 0.35 
Figs. and give composite diagrams the flexure sev- 
eral ties the same location and which have the same -general char- 
flexure; the differences depressions and the tilting 
the ties are not here diagrams are plotted with refer- 
ence line drawn from rail rail. Fig. curves are drawn 
represent the flexure for all three truck loads. The 
dotted lines given this figure (and the other figures), obtained 
method described farther on, are intended represent the position 
the ballast bed under the tie when there load the tie; the 
dotted lines given are for the tie “before 

examination the diagrams depression and flexure brings 
out variety conditions. will observed that there bending 
tie every case, though the form the curve varies greatly. 
evident that there must great differences the way which the 
bearing pressure varies along the length the tie under the conditions 
which ties are subjected. many ties there play between the 
tie and its bed one point another even over considerable portion 
its length, which not only gives unevenness track depression but 
increases the intensity bearing pressure some point along the tie 
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gives added bending stresses the tie. clear that there 


great variety distribution bending moments along the tie—the 
bending moment section the middle the tie may 
one tie and negative another, shown for Tie Fig. for 
“after and “before Attention should called 
the fact that the tamping done was slight and the ends the tie 
only; the term “after tamping” should not taken mean general 
tamping. 

The conditions just referred are ordinarily termed endbound and 
centerbound. will appear that the latter condition very common; 
fact, the upward curvature the middle and large negative 


Depression Tie Inches 
o 


45.—DIAGRAM DEPRESSION AND FLEXURE ILLINOIS 
CENTRAL RAILROAD. 


moment accompanying may expected most track after traffic 
has had its effect upon track condition. The immediate effect 
tamping tie ballast already well compacted being change the 
bearing conditions along the tie (the compacting the ballast the 
tamping having only secondary effect), fresh tamping change 
the place tamping makes marked effect the flexure the tie. 
The ties Location were found loose their ends under the 
conditions the track service, with resulting flexure curve shown 
Figs. 46, 47, and for Ties The part these ties outside the 
rails was then tamped slightly, not vigorously, and the curve Fig. 
for Tie slightly tamped shows that the bearing largely the 
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ends the tie. Change position the ballast under traffic condi 
tions will soon modify the distribution bearing pressure. Even 
though the tamping restricted space udjacent the two rails, 
the depression the track under load may expected bring some 
bearing pressure the middle the tie length, and the action 
repetition applications pressures high intensity over the tamped 


portion will cause movement the ballast and redistribution 
bearing pressures. 


xs 
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DIAGRAMS TIE FLEXURE, CHICAGO, 


The condition the ballast section and beyond the end the 
tie seems have modifying influence upon bearing conditions. The 
scantness Section the Illinois Central Railroad 
evidently contributed the loose ends and play many these 
ties, especially those whose looseness was noticeable inspection; the 
effect this probably becoming apparent only after traffic had pro- 
duced appreciable changes the position the particles ballast. 
The more complete support end tie the ballast section the 
Chicago, Milwaukee and St. Paul Railway gives conditions which are 
quite different. 

The initial position the ballast bed with respect the bottom 
the tie for the compact condition ballast existing the track tested 
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TABLE DEPRESSION AND FLEXURE TIEs. 


= 

Location. Designation. Ballast. Remarks. 
Zz 


ILLINOIS CENTRAL RAILROAD 


8-ft. oak ties, 


8-ft. oak ties. 
North-bound freight lead.| Cinder, 12-in. rail; hewn 


CHICAGO, MILWAUKEE AND ST. PAUL RAILWAY 


6-in. oak ties. 


soft wood ties. 


may found approximately the following method. any diagram 
depression and flexure (as, for example, Fig. 47), for each point 
along the tie and each depressed position lay off horizontal distance 
proportional the load producing the given tie depression. The points 
measured for the three loads used will found lie almost 
straight line. Produce such straight line intersect the vertical line 
through the initial position the point the tie. This intersection 
would the initial position the ballast bed under the point the 
tie the bearing pressure was uniform along the tie. second 
approximation (which not generally necessary.to make) may 
made assuming that any given point the intensity the bearing 
pressure accompanying each load varies the vertical distance from 
the point just found the position occupied the given load. This 
locate quite closely the initial position the bed for 


with well compacted ballast. The bending the tie fit minor depres- 


sions, such as.that which may exist directly under the. rail, 
taken into account; modify the results but slightly. The 


lines given the figures, obtained the 


may then expected represent fairly closely the initial position 
the bed under the tie. Play given the space line 
and the tie. will seen from the diagrams that the ties which 


large upward curvature the middle have their beds curved 
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the same manner; other cases the bed the middle much lower 
than the ends the tie—the play between tie and bed being the 
ends one case and the middle the other. 

the amount depression affects the modulus elasticity rail- 
support, may expected that the condition tie and ballast will 
influential factors. determining the play track depression 
was omitted from the values, though course enters into the devel- 
opment stresses the rail and known produce higher stresses 
than would otherwise occur, especially the play varies from tie 
tie. The bending the ties, however, and especially that under the 
rail, tends make low values Another element contributing 
toward the higher value the Chicago, Milwaukee and St. Paul 
Railway track, already referred to, seems the gravel ballast; there 
are fewer voids and greater cross-section material take the load 
and therefore the amount compression the ballast may expected 
less. The modulus elasticity the limestone used the 
Central Railroad less than that the gravel the Chicago, 
Milwaukee and St. Paul Railway. 

Attention called the fact that the deflections the flexure curve 
the 9-in. ties are much smaller than those the 8-in. ties; 
for the same loading the deflections may expected vary inversely 
the moment the section and the moment inertia 
the 9-in. tie nearly 70% greater than that the 8-in. 
tie. may added that the greater stiffness tie should help 
making more uniform pressures along the length the tie. 

The joint ties, and (see Figs. and 48) were chosen for test 
because they were particularly loose and showed much play. The effect 
tamping this tie very noticeable. The condition the joint 
Tie (see Fig. 48) not especially different from the other ties the 
vicinity. 

The composite diagram for the ties cinder ballast gives good 
appearance, symmetrical and with apparent good end bearing, but 
should noted that these curves are not gross depres- 
sions; the individual ties give markedly different curves, tilting first 


one side the track and then the other. This due not only 


the ballast and condition tamping, but the fact that the ties 
were unevenly spaced and did not always lie right angles the 
rails. The change from the greatest depression occurring the end 
tie one side the track the greatest depression the other 
side the track within short distance was not confined the freight 
tracks and cinder ballast. The tilting the tie one side the track, 
however, was more common where the shoulder ballast was scant. 


The effect the greater length tie Class track will con- 
sidered the next article. 
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26.—Bearing Pressure and Bending the intensity 
the tie reaction were directly proportional the measured tie depression 
would easy find the distribution the tie reaction along the 
length the tie the use the diagrams tie depressions already 
given. Two variations from this law distribution pressure are 


known exist; due the condition ballast bed under the tie 


the unloaded tie may not touch its bed all points and the bal- 
last may more compact and more stiff one point than another. 
Most the uncertainty due the first condition may overcome 
the use the dotted line the diagrams: tie depression 
expressing the initial position the tie bed; there may further 
depression the bed due the bending the tie immediately 
under the rail, shown Fig. (left end Tie The dotted 
lines the figures generally indicate centerbound condition; this 
gives bending moment the middle the tie when brought 
full bearing and increases the bending moment all loads 
and also results increase intensity bearing pressure the 
middle. permanently formed depression the rail acts relieve 
the intensity tie reaction there but increases the bending moment 
this point when load applied which brings the tie down full 


bearing. The second condition, that not giving direct proportionality 


between depression and intensity bearing pressure, particularly 
evident freshly placed ballast. well compacted ballast the varia- 
tion from proportionality may expected slight. Immediately 
after tamping, the bed may somewhat stiffer the point tamp- 


the effect tamping disappears through the movement the 


particles ballast, the yieldability the ballast under load, that is, 
the modulus elasticity the mass, tends become more uniform 
along the length the tie. taking into consideration the effect 
variations these conditions the diagrams tie depression and flexure 
will found useful indicating the range variation bearing 


pressure and bending moment. 


will interest consider variety assumed distributions 
bearing pressure (tie reactions) and the resulting distribution 
bending moments. Fig. gives number hypothetical 
form pressure shown (a) cannot expected. For few inches 
the end the tie the bearing pressure must small. The flexure 
the tie itself will also produce variation from uniformity pressure. 
(b) shown diagram indicating the influence these factors 
when the initial bearing fair and the stiffness the bed uniform 
along the length the tie. (c) the distribution sometimes 
thought exist when the tie tamped for foot each side 
the rail. Diagram (d) gives the distribution for freshly sand 


little pressure was here found the middle the tie; (e) assumes the 
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principal bearing the rails tapering off each direction; 
assumes intensity the end the tie and (g) the middle; 
(h) represents form distribution for the centerbound tie, some- 
what was found for the medium load some the tests; rep- 
resents the distribution for endbound tie; (7) may considered 
representative the pressures under well tamped tie bal- 
last after traffic has begun have effect. possible that the 
point greatest depression, immediately under the rail, permanent 
depression will formed and the tie will not touch the bed until has 
bent considerably this point. This condition tends give 
decreased intensity under the rail, shown (k), but the effect 
this the distribution not large. 


PRESSURE. 


Total load, pounds, carried one tie. Moment then 
given pound-inches. 


designated 


The relative magnitudes the bending moments points along 
the tie shown for these cases the diagrams the right Fig. 57. 
Table gives, for the distributions bearing pressure assumed 
Fig. 57, the values the bending moment two sections the tie 
and for three lengths tie. the total load the tie pounds 
and the expressed pound-inches. seen that there 
considerable range values the moments, both the middle the 
tie and the rail. also noted that slight change the dis- 
tribution intensity bearing pressure along the tie makes 
relatively large change the amount and distribution the bending 
moments. 

study the flexure curves the ties tested track and 
comparison with flexure curves corresponding the distribution 
moments given Fig. show that conditions tie 
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bearing may exist. Even well-tamped track the uniform distribution 
bearing pressure indicated cannot occur. The intensity 
bearing pressure will greater near the rail than the middle 
end the tie since the bending the tie will result larger depres- 
sions that point. The more flexible the tie, the greater the variation 
intensity; likewise, the stiffer the ballast, the greater the variation— 
all resulting increased intensity bearing pressure the rail. 
Such condition gives smaller value the bending moment the 
middle the tie than would found for uniform bearing pressure. 
the ballast the middle the track less compact than else- 
where the difference becomes more pronounced. The bending moment 
the rail for this condition less than for the endbound condition. 
The condition given (c) Fig. may expected merge into 
that (d). With concentration pressures near the rails may 
expected that permanent depression will soon formed under 
the rail, greater depression all along the tie will then occur 
upon the application the heavy loads, and the bearing pressures 
will distributed more uniformly along the tie. permanently 
formed depression under the rail will increase the bending moment 
the tie the section under the rail. 

centerbound track, for the smaller loads, the tie reactions are 
carried mostly short space the middle the tie. These small 


loads act bend the tie downward its middle fit the shape 


the bed (as given for Tie the dotted line Fig. 48); only small 
load needed give this bending, particularly the bed the 
middle the tie will depressed under the action the bearing 
pressure. Under the conditions the tests with centerbound track, the 
load required bring the tie bearing under the rail was probably 
not greater than 10% the 100000-lb. load used. negative 
moment produced this small load is, course, relatively large. 
The loads used the test give full bearing along the tie, the depres- 
sions from the original position the bed (dotted line the figure) 
not differing greatly from what would found well-tamped track. 

For endbound tie (see Tie Fig. 50), the bending moments 
developed with the small loads are all positive (curvature all downward), 
and for unusual conditions they may remain positive the higher 
loads, instanced Tie after tamping (see Fig. 50). more 
usual condition for what commonly included endbound condi- 
tion develops positive moments the middle the tie for the smaller 
loads and negative moments for the larger loads. 

The curves flexure the ties (see Figs. 52) give informa- 
tion the distribution bending moments. Since the curvature 
the curve flexure the tie varies the bending moment developed, 
the distribution bending moment along the tie may determined 
the curvature various points known. 
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point, accordance with beam theory the expression for the curvature 


that point and the bending moment will where 


the modulus elasticity the wood and the moment inertia 
the cross-section the tie. had been expected that the data 
tie flexure would such nature give fairly accurate means 
determining the moments developed the ties and their distribu- 
tion. has been found that the local vertical compression the 
and near, the rail, due the bearing pressure the rail, 
affects the depressions the points near the rail (the amount was small, 
but the flexure the tie was also small) such extent modify 
the form the curve flexure and thus throw some uncertainty ‘the 
radii curvature derived therefrom, even the middle the tie. 
The values found for sections the middle the tie are fairly 
accurate; those the rail are somewhat less reliable. The average 
the values found will useful for comparison. seems probable that 
measurements made the middle the edges the tie would give 
data more value. 

The curves flexure the various ties, obtained from the measure- 
ments, have been studied; the results give least qualitative dis- 
tribution the moments. determine the modulus elasticity 
the wood, ten the ties tested the track were tested the labora- 
tory. The ties were considered have moisture condition similar 
that existing when they were the track. The tie was supported 
beam 90-in. span, two equal loads applied points in. from 
the center, and the center deflection read over chord in. The 
resulting values the modulus elasticity, calculated the formula 
for deflection beams, ranged from 1000000 1400000 Ib. per sq. 
in., for the oak ties, averaging Ib. per sq. in. For the soft 
wood tie from Class track, the value was 800 000 Ib. per sq. in. 

Table gives values bending moments the tie its center 
and the rail, determined from the flexure curves the method above 
described for the data the ties tested the track. The moments are 
expressed pound-inches, being the load carried the 
pounds. has been stated, expected that the method used 
subject error, and some the values the bending moment the 
rail seem very high. The data are useful, however, giving 
tive values which may developed track service. 

seen that negative bending moments much 4.5 
were developed the center the tie, being the load carried 
one tie. For well tamped track and track kept good 
the negative moment will considerably smaller, and for such condi- 
tions value low 2.0 may expected the upper limit. 
Excessive bearing pressures the ends the tie ahd needed strength 
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Total load, pounds, carried one tie. Moment then 
given pound-inches. 


Bending Bendin 
Location. moment 


ILLINOIS. CENTRAL RAILROAD 
Location 


Average value after slight tamping................. 
Location 
Location 
CHICAGO, MILWAUKEE AND PAUL RAILROAD 
Class track. 
Class 
Maximum value.... 3.7 


handling make seem desirable provide also for positive 
bending moment 1.0 the center. 

For uniform bearing along the tie, the value the bending moment 
the rail would about 2.0 for ties ft. in. 
Table values high 4.8 and 6.0 are found. would 
appear that bending moments even larger than these values may 
expected track considered ordinarily good condition. For 
first-class track excellent condition seems probable that bending 
moment 2.5 the rail should not exceeded. The high values 
bending moment the rail obtained from the flexure curves 
are not readily explained; seems probable that the depression the 
fibers the wooden tie under and near the rail, indicated Fig. 
58, results greater flexure the tie otherwise occur. 
Even though the bending moment the used is, 
reason this condition under the rail, greater than that which exists 
virtue the bearing pressures between the rail and the end the 
tie, the reduction resistance flexure produced excessive depres- 
sion the fibers wnder the rail may much more than the 
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discrepancy bending moment, and hence values the bending 
moment such those given above are not too large for use under 
conditions found with wooden ties. 

The bearing pressure under the tie course will vary intensity 
along its length. study the data the tie flexure tests indicates 
that the maximum bearing pressure per unit length tie, under 
statie loading, will not ordinarily exceed twice the average bearing 
pressure over the length the tie, and that for track good con- 
dition the maximum will less than one and one-half times the 
average. These values relate bearing pressures per unit length 
tie; will shown the next chapter the report the varia- 
tion intensity pressure from the edge the middle point the 
width the tie considerable and the maximum intensity the 
middle the width may much greater than the average. 

may noted that the heaviest load tie generally occurs 
under the closely spaced drivers heavy freight locomotive, and 
the static load one tie may found approximately dividing the 
weight driving axle the number ties which come within 
‘driver spacing. 


Fie. SHOWING LOCAL DEPRESSION FIBERS UNDER 


should noted that the present discussion relates static 
loading—no allowance has been made for the effect speed, counter- 
weight, and impact increasing the loads the tie; these should 
considered finding the bending moments, stresses and bearing pres- 
sures which may develop track service. 


V.—TRANSMISSION PRESSURES BALLAST. 
A.—Analytical Discussion. 

rock, gravel, cinders, burnt clay, slag, 
and sand are the materials commonly used for ballast. These materials 
are practically devoid cohesion, least when first placed. 
and clay possess cohesive properties some degree. Non-cohesive 
materials consist separate pieces which will hereafter referred 
grains. The grains are irregular size and shape, and when 
first placed form loose mass which cannot carry load without con- 
siderable readjustments their relative positions. Under repeated 
applications load, other working, the grains are rearranged 
that the mass becomes quite compact. 

reason its structure, load transmitted through non- 
cohesive granular mass from grain grain contact pressures. The 
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distribution pressure made through chains grains contact 
which lie between the load and point the ballast. Consideration 
will given first special forms grains and then the general 
form found ballast. 

Assume that the cylinders are piled compactly possible. There are 
three cases consider: First, when the cylinders are frictionless; 
when the coefficient friction equal greater than tan. 
30°; third, when the coefficient friction between these two con- 
ditions. 

the first case, since there friction between the cylinders, 
the pressure the point contact must normal the surfaces 
contact; that is, the line action the pressure must pass through 
the centers the cylinders contact. All the pressure therefore 
transmitted through two chains, shown Fig. 59. evident 


that without adequate lateral support, the column cylinders carry- 


ing the load will buckle, resulting rearrangement the whole mass. 
The load-carrying capacity pile frictionless cylinders very 
small, because the only lateral forces which can exerted are those 
due the weights the cylinders. 


59.—TRANSMISSION PRESSURES THROUGH PILE 
FRICTIONLESS CYLINDERS. 


the second when the coefficient friction equal 
greater than tan. 30°, all the load applied the upper cylinder can 
carried the two cylinders below without the aid lateral pressure. 
These turn can supported one cylinder below them, shown 
Fig. (a). this case there are lateral forces developed 
required for stability. That equilibrium will exist under this con- 
dition may seen from the diagram (b). The vertical force 
may resolved into two rectangular components. The ratio the 
tangential the normal component 


sin. 30° 


tan. 30° 
cos. 
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For values the coefficient friction less than tan. 30°, slipping will 
for equal greater values, equilibrium will exist. 

the third case, when the coefficient friction greater than 
zero and less than tan. 30° the distribution load will between the 
extreme conditions represented the cases previously considered. The 
actual distribution will depend upon the value the coefficient 


(b) 
Fic. 60.—TRANSMISSION PRESSURE THROUGH PILE CYLINDERS WHEN 
COEFFICIENT FRICTION EQUAL GREATER THAN TAN. 30°. 


Fic. 61.—TRANSMISSION PRESSURE THROUGH CYLINDERS WHEN 
friction. illustration, the distribution pressures direction 
and magnitude when the coefficient friction 0.2 indicated 
Fig. 61. will noted that this case lateral pressures are required 
alternate rows order keep the mass equilibrium. 

has been shown, then, that even when considering the distribution 
pressure through pile equal-sized, incompressible cylinders, 
arranged symmetrically, the problem becomes complex that would 
difficult obtain results general value. The complication 
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caused the effects the lateral components the pressures between 
the grains. This suggests that grains assumed such shape that 
there will lateral forces. 

29.—The Transmission Pressures Through Pile Grains 
Which There are Lateral make the problem 
simple possible will assumed that the grains are such shape 
that each grain rests two grains and that the points contact are 
always the vertical center lines the grains below, the distribu- 
tion the pressure being lateral and not longitudinal. Such pile 
shown Fig. 62. One-half the load applied any grain 


62.—TRANSMISSION PRESSURE THROUGH PILE GRAINS WHEN 
LATERAL FORCES ARE DEVELOPED. 


transmitted each the two grains below. the first row below 
the loaded grain the pressure will and the applied load. 
the second row below the loaded grain the pressures will and 
the third row will and the nth row will be: 


That is, any row, the pressures the grains will represented 
the terms found the expansion the binomial 


For example, the bottom row Fig. 62, 
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can shown that the distribution pressure given this equation 
when large similar that given the curve known the 
probability curve. The equation giving this distribution pressure 
any horizontal plane 


which the pressure horizontal distance from the center 
line the applied load, the Naperian base logarithms, the 
applied pressure and function the distance below the loaded 
grain. The form the curves given the equation may judged 
from the three curves Fig. 65. 


\/ \/ \/ UM \/ \/ 


Fic. PRESSURE PILE CYLINDERS. 


apparent that the condition assumed, each grain ballast 
resting the vertical center lines two others, very special case. 
Results those obtained above are found when the grains 
are such form and arrangement that each grain rests the vertical 
center line three grains four grains. While the results found 
such assumptions may not quantitatively applicable, the analysis 
aid forming conception the manner which pressure 
distributed and giving basis for expressing the results experi- 
ments with ballast. 

general there are number paths which the pressure may take 
transmitted from one grain another the ballast; that is, 
there are number chains grains contact between the two 
grains under consideration. Fig. all the possible paths 
pressure between loaded grain and grain are indicated lines. 
this particular case there are four paths. Between Grains and 
there only one path. Between and there path. Between 
and ean shown that there are six paths. Referring also Fig. 
will seen that the number chains grains between and 
the same the numerator the fractions representing 
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the pressures the corresponding grains the fourth row. below 
the loaded grain. 

the preceding discussion, only grains size, 
shape, and symmetrical arrangement have been considered. ballast 
the grains have infinite variety sizes and shapes and are irregu- 
larly piled. Even with such irregular material the only method 
which pressure can transmitted from one grain another not 
contact with means chains grains contact with one 
another the intervening space. Because the irregular sizes, shapes 
and arrangements the grains not possible mathe- 
matical expression giving the amount pressure transmitted from one 
grain another particular case, but has been found that 
means experiments and the use the laws averages good pre- 


SHOWING RELATIVE POSITIONS LOADED GRAIN AND 
HORIZONTAL PLANE. 
dictions may made. The following discussion the dis- 
tribution pressure from loaded grain has been found accord with 
experimental results. 

zontal plane which there grain shown Fig. 64. Between 
and there are various paths pressure, chains grains, through 
which pressure transmitted. The number paths, chains, will 
general increase taken nearer (the grain directly under 
and will general diminish the distance from ‘is increased 
until point reached beyond which there chain grains 
transmitting vertical pressure. Between and the number ‘paths 
maximum for that depth. view the discussion the preced- 
ing articles, seems reasonable assume that the pressure transmitted 


-to any grain will general proportional the number chains 


grains between the two grains, and may also expected that 
general the number chains grains from any grain the 
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given plane any distance from the center, and hence the pressure 
transmitted, will vary accordance with the law distribution 
pressure represented Equation (14) page 123. law the 
distribution pressure confirmed the experiments. 

This equation, then, may taken express general way the 
probable form the distribution the vertical pressure trans- 
mitted from loaded grain ballast consisting grains irregular 
size and shape and placed any manner. should noted that the 
transmission considered take place only laterally, that is, 
vertical plane, being virtually assumed that other similar transmis- 
sion exists adjacent parallel vertical planes, would the case 
with cross-tie and ballast. the case tie and ballast, due 
variation bearing pressure along the length the tie, there will 
some longitudinal transmission pressure, tending toward greater 
uniformity pressure parallel its length, but this action may 
considered separately. For load applied single grain, 
instead grains along line, the transmission horizontally would 
every direction and the distribution would give equal intensities 
along the circumference horizontal circles, making entirely 
different distribution from the case under consideration. 

Since Equation (14) expression the pressure any grain 
terms the pressure single grain and does not give intensity 
pressure, not form for use. Assume the load applied 
the ballast means long narrow strip one unit wide. The pres- 
sure any grain the ballast will then the sum the pressures 
which would found use Equation (14) applied each grain 
contact with the strip, and the resulting intensity pressure any 
point the ballast may expressed equation the same form. 
Let the applied unit pressure, let the depth ballast above 
horizontal plane, and let the horizontal distance from the line 
action the applied load the point the horizontal plane which 
desired determine the intensity pressure then 


being factor which depends upon and must found experi- 

ment. 
Fig. curves have been constructed 
represent the distribution vertical pressure several horizontal 
planes ABC, DEF, and GHI. The total areas under the rep- 
the total upward reactions the ballast the horizontal planes. 
The upward reactions must equal the applied unit-load when 
section ballast in. long considered. The areas under the several 
curves are therefore equal. These areas have been divided into num- 
ber equal parts, each representing the same fractional part the 
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reaction. The location the resultant for each fractional area noted 
Fig. drawn through these points may considered 
lines pressure representing the resultant fractional pressures. 

The lines pressure thus drawn are analogous lines force 
magnetic field, and the intensity vertical pressure any depth 
seen equal the number lines pressure passing through 
width in. multiplied the pressure which each line represents. 
For the lines are drawn representing pressures and 


Fic. 65.—DIAGRAM ILLUSTRATING USE LINES PRESSURE. 


given place horizontal plane four lines pass through width 
sq. in. 

These lines pressure will found useful explaining con- 
centrations and distributions pressure ballast and giving 
conception the manner transmission pressure. 

Theory the Relations Pressures Granular 
Mass Devoid 1856 Professor Rankine, from study 
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certain properties stress relating infinitesimal wedge 
granular material, enunciated several important theorems which have 
since borne his name. Several these bear upon the discussion. They 
may stated follows: 

Conjugate Stresses.*—If any state stress exists point 
granular mass, the stress acting plane through the point will 
parallel second plane through the point, and the stress acting 
the second plane will parallel the first plane. Stresses related 
are called conjugate stresses. 

Fig. 66, let the elementary prism equilibrium when acted 
upon the stresses parallel AC, and the stresses direction 
unknown. required find the direction stresses Now the 
stresses acting the faces and must constitute pair 
forces equilibrium; then have equilibrium stresses acting the 
faces and must form pair forces equilibrium, which can 
only occur when the stresses are parallel and CD. 


Fic. 66.—PARALLELOPIPED UNDER ACTION CONJUGATE PRESSURES. 


Principal Stresses.*—In any state stress there one pair con- 
jugate stresses right angles each other; e., there are two planes, 
right angles each other, which the stress normal only. 
Stresses related are principal stresses. For consider plane at. the 
point rotate. There will some position where the stress the 
plane normal; the plane right angles will have conjugate stress 
which also normal. can shown that one the principal stresses 
the greatest stress and the other principal stress the least stress 
the point. Any possible state stress can completely defined 
principal 


with slight modifications from Ketchum’s Bins and Grain 
Elevators”, which the reader referred. 
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The Ratio Conjugate Pressures.—The ratio the intensity 
the pressures any conjugate pressure when motion 
impending, expressed the equation: 


which the greater than its conjugate untt stress pp, the 

common angle obliquity which the stresses make with the normals: 
their planes, and the angle repose the material. 

When the angle taken zero, the conjugate stresses are per- 


pendicular their planes, hence and are the principal stresses. 
When motion impending, 


which and are the greatest and least principal stresses 
respectively. 

Equations (16) and (17) express the relationships existing between 
conjugate pressures and principal pressures when motion impending. 
The principal pressure and the pressure are active pressures 
developed the application their conjugate pressures. case the 
resisting pressure less than the active pressures the granular material 
will flow. case the lateral pressures are greater than indicated the 
equations, the granular mass will equilibrium. 

Accompanying the Application Pressure 
Means the preceding discussion has been assumed that 
the pressure applied only narrow strip. When the pressure 
applied the ballast means tie the load applied course 
the many grains contact with the tie. common consider that 
the intensity pressure the same all over the bottom the tie 
and that normal (vertical). There is, however, variation 
the intensity the pressure the bottom the tie due the tendency 
the ballast move from the center the edge the tie when load 
applied. Friction between tie and ballast develops pressures the 
ballast which are not vertical. The maximum variation pressure due 
these causes will when the load great that the tie being 
into the ballast. The following analysis will indicate the law 
distribution under this condition loading. 

Intensity Pressure the Bottom the Tie 
When the Tie Being Forced into the friction between 
the tie and the ballast probably less than the friction between the 
particles the ballast, hence the ballast contact with the bottom 
the tie will the first move when the tie heavily 
sider section tie one unit long. Let the vertical unit-pressure 
the edge p,, the center p,, and distance from the edge 


1 
4 
] 


STRESSES RAILROAD TRACK 261 


Let the coefficient friction between the tie and the ballast 
and the width the tie Let the total load the tie and let 
the length the tie. When motion impending the intensity 
pressure increases from the edge the center the tie because the 
intensity vertical pressure any point limited the available 
lateral pressure. 

Fig. (a), the resultant intensity pressure any 
point the bottom the tie when motion impending. Expressed 
terms the vertical unit-pressure the point, the value 


cos. 


(a) (b) 


Fic. 67.—DIAGRAMS ILLUSTRATING PRESSURES BOTTOM TIE. 


The horizontal pressure the ballast the point the conjugate 
the pressure and may found from Equation (16). given 
values and using the resulting constant, 


which 


The total frictional force from the edge the tie point distant 


equal the horizontal thrust 


the distance dz, Fig. 68, 


the added friction amounts dx, which can hold equilibrium 
additional horizontal thrust equal 


cos. 
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Hence 
cos.6 
Integrating, 
cos.6 


where the Naperian base logarithms. The vertical unit- 
pressure the center 


Fic. 68.—DISTRIBUTION VERTICAL UNIT-PRESSURE TIE WHEN 
CARRYING ULTIMATE Loap. 


The total load which can carried the section the tie without 
its being forced into the ballast equal the area under the 


Fig. 68. 
= F cos. 6 1) (20) 


This equation gives the ultimate load, which the tie will support. 
The average vertical unit-pressure carried the tie 


cos. 
P 
q q 
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The ratio the vertical unit-pressure the center the average 
vertical unit-pressure the tie 
bcos. 


making numerical calculations best change from the 
Naperian base the base common logarithms means the 
equation 


Unit Pressure Terms Pressure Edge 


69.—DIAGRAM SHOWING RELATIVE PRESSURES TIE WHEN CARRYING 
ULTIMATE LOAD FOR TAN, 2/3 AND TAN. 0.4 


Values calculated from Equation (18) have been plotted Fig. 69, 
which gives the greatest intensity pressure that can exist points 
away from the edge the tie terms the intensity pressure 
the edge the tie for assumed conditions friction. illustrates 
the rapid increase intensity from the edge the tie inward, which 
developed under the assumed conditions, when the tie 
the point being forced into the ballast. 
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The ultimate supporting power the tie shown Equation (20) 


rapidly with the width. Using the assumptions here made, 


Table gives the relative ultimate supporting capacity ties vari- 
ous widths, for tie point being forced into the ballast, based 


tie and ballast 0.4. This intended represent approximately the 


conditions during quiescent loading. The relative ultimate support- 
ing capacity ties various widths, for tie point being forced 
cient friction between tie and ballast 0.2, also given. This 
thought approximate the conditions when the application load 
accompanied jarring the case train loads. The exact values 
the friction angles are not known. Table 18, course, has 
analytical, rather than experimental basis. 


WIDTHS, FoR AND For ACCOMPANIED 
JARRING, FoR TIE POINT BEING 
INTO THE BALLAST. 


Quiescent load condition based assumed coefficient 0.4 between 
tie and ballast and between particles the ballast. 
For jarring loads values 0.2 and are assumed. 


ULTIMATE SUPPORTING CAPACITY. 


Width 
tie, terms po. terms 8-in. tie, 
inches, 
Quiescent. With jarring. Quiescent. With jarring. 
1.27 1.08 0.01 0.07 
2.34 0.04 0.15 
6.65 0.07 0.24 
12.1 5.55 0.13 0.35 
20.7 7.55 0.22 0.47 
34.8 10.0 0.62 
57.4 12.7 0.61 0.80 
93.7 16.0 1.00 1.00 
153 19.1 1.68 1.20 
248 24.2 2.65 1.51 
401 29.5 4.27 1.85 
650 85.2 8.94 2.20 


Except when heavy loads are carried loose ballast, the distribu- 
tion pressure railroad tie not general that shown Fig. 69, 
because the tie not the point being forced intc the ballast. 
After the track has been service for time the ballast beneath the 
tie will become compacted. The carrying capacity the ballast 
the edge the tie will then have been increased, and since the ulti- 
mate carrying capacity the tie varies directly with the carrying 
capacity the ballast the edge the tie, the ultimate carrying 
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capacity will also have been increased over what could carry when the 
ballast was first placed. 

(a) Fig. shown the distribution pressure the bot- 
tom the tie when carrying its ultimate load. Vectors giving 
the directions and relative magnitudes the unit-pressures are shown. 
The ordinates the full line curve represent the vertical components 
these pressures. When the tie the point being forced into 
the ballast, the angle which the pressure makes with the normal the 
bottom the tie the angle friction between tie and ballast. The 
ultimate vertical unit-pressure which may developed the bottom 
the tie after the ballast has become compacted indicated the 
dotted curve (b) Fig. 70. The distribution and direction pres- 
sure the tie under ordinary loadings (that is, loadings less than the 
ultimate load which the ballast can carry) will somewhat shown 
the full line curve and the vectors. seen that the distribution 
shown different from that ultimate load. 


(b) 
Fic. SHOWING RELATIVE DIRECTIONS AND MAGNITUDES 
PRESSURES TIE UNDER ULTIMATE LOAD AND UNDER 
ORDINARY 


The coefficient friction between the tie and ballast and between 
parts the ballast will much less under the jarring and pounding 
action train loads than under loads applied without shock vibration. 
The ballast gradyally works from under the tie and time the track 
must retamped. From the discussion evident that tamping 
not enough force ballast beneath the tie unless the ballast 
the edge the tie compacted, otherwise the track will settle rapidly. 
Especial attention therefore should given methods tamping 
which insure compacted ballast the edge the tie. 

for Finding the Distribution Pressure Ballast 
Beneath has been shown that the pressure ballast 
against the tie greater near the center than the edge the tie and 
that because the friction between tie and ballast the pressures are not 
perpendicular the bottom the tie. has also been shown that the 
distribution pressure granular material when narrow strip 
loaded may represented expression the type the proba- 
bility equation, lines pressure. dividing the bottom surface 
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the tie into narrow strips and using the average load each strip 
and taking its direction into account, the total intensity pressure 
any point the ballast may found adding the pressures that 
point due the loads the several strips. 

order use Equation (15) find the vertical pressure any 
point the ballast due pressure Fig. 71, when not 
vertical, necessary determine the distances and h,, and use 
them for and Equation (15). may shown from the 
geometrical relations that 


sin. 


71.—DIAGRAM FOR DETERMINING AND hy. 


The pressure found from Equation (15) the direction the 
pressure The vertical component the pressure found mul- 
tiplying the pressure found cos. 

The pressure any point the bottom the tie probably should 
taken the greatest principal pressure the point. The greatest 
principal pressure will make greater angle with the vertical than does 
the conjugate pressure and its magnitude greater. However, due 
the uncertainties the magnitude and direction the pressures 
tie, needless refinement take account the principal pressures, 
and values the conjugate pressures will used instead. 


B.—Experimental Work Laboratory. 


mental work the transmission vertical pressure through granular 
material was carried for number years the University 
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MOVEMENT SAND BALLAST UNDER LOAD, 
Fic. 73.—LINES MOVEMENT SAND BALLAST UNDER LOAD. 
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connection with undergraduate thesis work.* Although the 
experiments were limited circular bearing areas and therefore are not 
directly -applicable railroad track, the work proved very instructive 
and the experience gained was helpful planning the more elaborate 
experimental work afterward undertaken for the Joint Committee. 

Figs. and are from photographs taken Messrs. Fisher 
and Wagner 1912 and included their thesis. The photo- 
graphs were made taking time exposure coarse sand behind 
plate glass while load was being applied two small blocks 
in.). The images the moving grains are elongated the direc- 
tion motion, giving the appearance lines force magnetic 
field. The photographs indicate the paths flow the case the 
very loose ballast used and, general way, indicate the tendencies 
ballast movements track under the action load. 

Laboratory Experimental Work.—The laboratory experi- 
mental work undertaken the Committee was made thé Laboratory 
Applied Mechanics the University Illinois. the attempts 
which had been made measure pressures ballast under regular 
track conditions, difficulties were met that showed the advisability 
conducting experiments the laboratory where conditions could 
controlled and results obtained establish some the basic principles 
the action ballast. 

Two elevations showing the arrangement the apparatus used 
making the tests are shown Fig. 74. reinforced concrete slab 
ft. and in. deep supported the ballast. The load was applied 
the ties means jack whose upward thrust was carried 
I-beams four steel rods having ends embedded the concrete 
slab. The load applied the jack was distributed the one, two, 
three ties used the experiments means system levers. 
was possible divide the load among the ties any manner desired. 
The load applied the jack was measured calibrated steel spring. 
The arrangement the apparatus can seen Fig. 75. 

For measuring the intensity pressure transmitted various parts 
the ballast, the pressure capsule shown Fig. was used. The 
following description which was given the first progress report 
here repeated for the convenience the reader: 

The elastic deflection thin steel diaphragm used measure 
the amount pressure applied the capsule. The pressure 
measured received the bearing plate which has area 
sq. in.; the pressure transmitted the thin steel diaphragm 
which fastened screws around its the cast- 


article Prof. Enger describing the methods experimenting and 
giving the results was published the following papers: Record, Vol. 


73, 106, January 22d, 1916; Railway Age Gazette, Vol. 60, 321, February 
18th, 1916; Engineering and Contracting, Vol. XLV, 53, January 19th, 1916; 
and Railway Review, Vol. 58, 129, January 22d, 1916. 
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74.—APPARATUS USED TESTS TRANSMISSION 
PRESSURE THROUGH BALLAST, 
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75.—APPARATUS USED TESTS TRANSMISSION 
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iron case The screw which fastens the plate the diaphragm 
hardened and bears one knife edge the small bell-crank 
lever which pivoted The vertical deflection the center 
the diaphragm transmitted the bell-crank lever (magnified about 
three times) horizontal direction the rod which slides 
guides NN’ and enclosed horizontal tube and finally bears 
against plunger indicating dial micrometer, whose movement 


TOP VIEW 
COVER PLATE REMOVED 


SIDE VIEW 
SECTION 


76.—PRESSURE CAPSULE AND PLACE BALLAST. 


thus measure the elastic deflection the diaphragm the 
material the diaphragm not stressed beyond its elastic limit the 
deflection the diaphragm, and the consequent. movement the 
pointer the dial micrometer, may used measure the load 
the plate Sand and dirt are prevented from coming between the 
bearing plate and the diaphragm friction tape wrapped around the 
case the pressure capsule. pressure capsule was calibrated 
after being taped, placing platform scale and means 


; 
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screw clamp applying series loads covering the range its use. 

The thin elastic diaphragm made hardened steel. The bearing 
plate serves take load any distribution concentration upon 
and apply this load concentrated load the center the dia- 
phragm. 

There was first some difficulty due ballast movements causing 
the tube pulled out the capsule. Even after making threaded 
connection between the tube and capsule there was some trouble from 
this cause. was finally entirely overcome slipping 1-in. pipe 
over the tube, protecting from the pull the ballast. 

Tests—During the progress the work some 
changes were made the making the tests. The most important 
changes relate the disposition the pressure capsules the ballast. 
The locations the capsules are shown each case the figures 
giving the results the tests. 

the experiments with the sand ballast, the capsules were placed 
the concrete slab and great care was taken placing the sand 
around them order prevent them from being displaced. After 
sufficient quantity ballast had been placed was struck off level 
surface the required depth. After the ties had been placed carefully 
the desired position with respect the capsules, they were loaded five 
six times before beginning take readings. The micrometer dials 
were then read with load the ties. small load was then applied 
and readings were again taken. Usually zero load and three increas- 
ing loads were applied. Readings were taken until three consecutive 
sets consistent readings were obtained. The greatest load 
applied was determined by: (a) the capacity one more the pres- 
sure capsules, (b) the carrying capacity the ballast, (c) the 
capacity the jack. 

the first test the sand was placed that was in. from the 
bottom the tie the top the capsule. When the experiments with 
this depth ballast had been completed the pressure capsules were 
rearranged and experiments were made with depths ballast 18, 
and in. The ballast was loosened each case before additional 
sand was put on. 

Following these tests, the ballast was removed. The capsules were 
recalibrated and given different arrangement (see Fig. 77) and were 
covered with sand ballast depth in. from bottom tie top 
capsule. 

Depths broken stone ballast in. and in. were next 
used. these experiments 15-in. sand cushion was placed the 
concrete slab and covered with burlap. The capsules were placed 
the burlap shown Fig. 78. Then the broken stone was carefully 
placed not disturb the capsules.. The experiments were made 
the same manner with sand ballast. 
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Fic. 78.—ARRANGEMENT CAPSULES TESTS WITH BROKEN STONE 


Fic. 77.—ARRANGEMENT CAPSULES AND Rops UNDER BALLAST. 
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Pebble ballast having depth in. from tie capsule was next 
used. The capsules were recalibrated and were placed the burlap 
with slightly different arrangement than was used the broken 
stone ballast. 

results the tests are given Fig. 
87, presented graphically order facilitate comparison and 
give the essential information the most compact form. For example, 
Fig. there are given the results the tests the transmission 
pressure from single tie through in. sand ballast. The relative 
position the tie and the shown, and addition there are 
curves giving the vertical pressure various sections. The curves 
represent the averages the pressures measured the capsules 
and LM. illustrate, the pressures determined from the read- 
ings the Pressure Capsules and were averaged and are 
plotted above Capsules and curves above represent the 
average pressures measured the capsules the lines and JK, 
and the curves above represent the average pressure measured 
and GH. Below the plan view the tie are plotted curves rep- 
resenting the pressures in. below the center line the tie. the 
manner plotting all the curves are symmetrical. The dotted lines 
Fig. represent the intensity pressure when the tie carries 
total load lb. The full lines are for total load 

Fig. gives the results experiments single tie with depths 
sand ballast and in., Fig. gives results for sand ballast 
in. deep when the ordinary 8-in. 8-ft. tie used and also 
when tie with wedge-shaped bottom used. The wedge was in. 
high the middle the tie. will noted that the pressure some- 
what more widely distributed with the wedge-shaped tie. 

Figs. 81, and give the results the experiments for depths 
sand ballast 18, and in. when the ties are equally loaded and 
when the middle tie carries twice the load carried either the out- 
side ties. 

Fig. gives the results the experiments for in. broken 
stone for the same depth pebble ballast. The broken 
stone used was the standard limestone ballast material furnished the 
Illinois Central Railroad. The pebble ballast consisted pebbles 
ranging size from about in. in. and was free from sand. 
will noted that the results experiments with rock ballast are more 
erratic than with pebbles with sand. was expected 
because short chain the large grains may bring heavy pressure 
capsule, may miss entirely. When average pressures are 
taken there surprising similarity the distribution pressure 
through sand, pebble and broken stone 

Fig. shows the distribution pressure through in. broken 
stone when the load carried 10-in. 8-ft. tie with the 10- 
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Fic. 83.—DISTRIBUTION PRESSURE DEPTH IN. SAND BALLAST 
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in. face horizontal, and 8-in. 8-ft. tie with the 6-in. face hor- 
izontal. 

Fig. shows the distribution pressure through in. broken 
stone ballast when three loaded ties are used and also when all the 
load carried one tie. 


Pressure below Tie 
BROKEN STONE BALLAST DEPTH 


per sq. in. 


Lb. per sq. in. 


Pressure below Line Tie 
PEBBLE BALLAST DEPTH 


AND IN. PEBBLE BALLAST BELOW SINGLE TIE. 


Fig. shows the distribution pressure the bottom tie 
which rests pebble ballast, and also the pressure measured simul- 
taneously depth in. below the tie. The tie was prepared 
embedding the capsules the tie. The circular bearing plate the 
capsule had been replaced with rectangular bearing plates, 
and the surface these was left flush with the bottom the tie. The 
positions the pressure capsules the tie are indicated the figure. 
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C.—Discussion Results Tests. 

40.—Diagrams Average Pressure and Use 
order eliminate the variations pressure due flexi- 
bility ‘tie and other causes, for the study the data, the pressures 
measured all capsules located the same distance from the longi- 
tudinal axis the tie have been averaged. Using this method the 
diagrams Fig. have been drawn; they show the pressure dif- 
ferent and distances from the center line the tie 


Lb. 


sq. 


STONE BALLAST DEPTH IN, 


STONE BALLAST DEPTH IN. 
Fic. 85.—DISTRIBUTION PRESSURE DEPTH IN. BROKEN 


STONE BALLAST BELOW IN. WIDE AND BELOW 
ONE WIDE. 


when single tie loaded, given the averages the readings. 


The pressure expressed percentage the average intensity 
sure over the tie. The average result for the three loads has been used. 
addition, the and the lowest pressure measured any capsule 
shown. Using the same method, the results obtained tests with 
three ties have been plotted full lines Fig. 98. There have 
also been plotted the dotted lines marked “superposed pressure curve”. 
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This method superposition considers that given point the 
combined effect several ties the sum the effects the individual 


ties. The effect tie given point was obtained from the curves 
Fig. 88. will noted that the superposed pressure curves agree 


per sq. in, Lb, per sq. in. per sq. in. 


Lb. per sq. 


Pressure Below Center Line of Tie 
BROKEN STONE BALLAST DEPTH IN. 


Lb. per sq. in, 
vo 


BROKEN STONE BALLAST DEPTH IN. 


Fig. 86.—DISTRIBUTION PRESSURE DEPTH IN. BROKEN 


with the experimental curves reasonably well, indicating that the 
vertical pressure any given point the ballast the sum the 
vertical pressures which would caused that point adding the 
pressures from the ties considered separately.. means this prin- 
ciple, which seems established these experiments, the results 
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the experiments with single tie may used determine the 
pressure ballast under any condition the spacing and loading. 
Pressure Distributions Different Kinds 
examination the pressure eurves for the sand, broken 
stone, and pebble ballasts will show that there are decided differences 
the distribution the pressure given depth except that the 
results found with sand are more concordant than those with the coarser 
ballast. may concluded that the laws distribution pressure 
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BOTTOM TIE, SHOWING POSITIONS CAPSULES 


Pressure below Center Line Tie 
PEBBLE BALLAST DEPTH 


Lb. per sq. in. 


Lb. per sq. in. 


Pressure below Center Line Tie 
PEBBLE BALLAST DEPTH 


Fic. 87.—DISTRIBUTION PRESSURE DEPTH IN. PEBBLE 
BELOW SINGLE AND THE BOTTOM THE TIE. 


through ballast granular material) are practically the 
same for the various kinds ballast. 

should borne mind that the foregoing statement applies 
distribution pressure only; ultimate bearing load, action under 
vibration, and other properties ballast will differ materially. 

Pressure Different Depths Below Center Line 
intensity pressure below the center line the tie 
various depths has been given Fig. 88. Using values taken from this 
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BALLAST BELOW THREE TIES AND VALUES OBTAINED 
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Vertical Pressure Lb. per in. 
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Fic. 90.—LATERAL DISTRIBUTION PRESSURE DEPTH IN. 
SAND BELOW THREE TIES AND VALUES OBTAINED 
SUPERPOSING RESULTS FOUND WITH SINGLE TIE 
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SAND BALLAST BELOW THREE TIES AND VALUES OBTAINED 
SUPERPOSING RESULTS FOUND WITH SINGLE TIE, 
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Vertical Lb. per sq. in. 


Distance from Center Middle Tie- Inches 


SAND BALLAST AND DEPTH IN. BROKEN STONE BALLAST 
BELOW THREE TIES AND VALUES OBTAINED SUPERPOSING 
RESULTS FOUND WITH SINGLE 
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Fic. 93.—LATERAL DISTRIBUTION PRESSURE DEPTH IN. 
BROKEN STONE BALLAST AND IN. PEBBLE BALLAST BELOW 
THREE TIES AND VALUES OBTAINED 

RESULTS FOUND SINGLE 
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figure Fig. has been drawn express logarithmic co-ordinates 
the relation between the unit-pressure points below the center line 
tie and the corresponding depth ballast. The ordinate plotted 
point represents the pressure point below the center line the tie 
expressed percentage the average pressure over the bottom 
the tie; the abscissa represents the depth ballast the point. The 
maximum and minimum observed intensities pressure have also 
been plotted. straight line whose equation 


has been drawn and fits the observations fairly well within the range 
the tests, although for depths less than in. and more than in. 
the results are too high. this equation the average pressure 
over the tie and the pressure the given point directly below the 
center line tie, both pounds per square inch, and the vertical 
distance inches below the bottom the tie. should noted 
that this expression was obtained from tests with ties in. wide. 

desired obtain equation for the intensity pressure any point 
the ballast, developed tie carrying load, which shall 
agree with the values the pressure found experiment. 

From the discussion Article “Paths Pressure and Laws 
Distribution Pressure”, was concluded that the distribution 
the intensity vertical pressure any horizontal plane due load 
narrow strip would represented Equation (15) the 
form 


strips, the pressure the ballast below tie may considered 
composite the pressures due the strips. found that the com- 
posite pressures the ballast below tie may also represented 


equation the form Equation (15) except small depths. The 
equation may then written 


being the intensity vertical pressure horizontal plane at.a 
distance from the vertical center line the tie due load per 
inch length tie. For 8-in. tie 
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which the average pressure bottom tie pound per square 
inch. Hence 


When 


the preceding article was found from the results experiments 
with 8-in. ties Equation (25) that 


16.8 


Equating the values and solving for 


Substituting this value the equation and changing from the 
base the base 10, the following empirical equation for obtained 


which the average intensity pressure over the tie per square 
inch, and the pressure per square inch point horizontal 
plane in. below the tie and in. from the center line the tie. 
The equation applies only 8-in. tie and applicable for depths 
from about in. about in. 

The dotted lines Fig. represent the pressures determined 
Equation (27). will seen that the agreement between the 
experiments and the equation fairly good. 

Equal Vertical the results 
the tests possible draw the contours equal vertical unit- 
pressure beneath one more loaded railroad ties. Fig. shows the 
contours pressure beneath single 8-in. 8-ft. tie. The con- 
tours are designated percentages the average pressure applied 
the ballast the tie. Figs. 96, and 98, contours equal vertical 
pressure are shown beneath series equally loaded ties for three 
different tie spacings. will noted that general the vertical 
pressures become nearly constant depth equal the tie spacing. 
should added that determining the the principle 
superposition and the laws distribution pressure given the 


equations already derived have been useful. These laws may applied 


conditions not covered the experimental work. 
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45.—Lines Article “Paths Pressure and 
Law Distribution Pressure”, was concluded that pressure 
per unit length applied long narrow strip will develop intensity 


Distance from Line Middle Tie -Inches 


96.—LINES EQUAL VERTICAL PRESSURE BALLAST EquaL 


pressure horizontal plane distance below the loaded strip 
and distance from the line action the applied load 


accordance with Equation (15) follows: 
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Fic. EQUAL VERTICAL PRESSURE BALLAST FOR LOAD 
SINGLE 


Ballast below Tie Inches 


Depth Ballast Below Tie Inches 


97.—LINES VERTICAL PRESSURE BALLAST FOR 
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98.—LINES EQUAL VERTICAL PRESSURE BALLAST FOR EQUAL 
LOADS SPACING IN., CENTER CENTER. 
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this equation function the depth and must deter- 
mined experiment. 

The bottom the tie may considered divided into number 
narrow strips carrying loads varying intensity and direction, 
each producing pressures the ballast accordance with the equation. 
any point the ballast the intensity pressure will equal 
the sum the pressures from the various strips into which the tie 
divided. 

Article was shown that the distribution pressure the 
ballast due load narrow strip may represented lines 
which were designated lines pressure. 


=0,4 
=0.4 
Tan 
Tan =0.1 


IN. WIDE. 


After many trials was found that for dimensions inches Equa- 
tion (15) may written 
Taking the directions and intensities the pressures the strips 
indicated Fig. 99, the pressures thus found the ballast agree 
quite closely with the values determined the experiments. 
The lines pressure determined from Equation (28) are straight 
lines, and were laid out the following manner: The distribution 
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pressure depth in. for the given value given strip 
was calculated Equation (28). The results were then plotted 
cross-section paper large scale using unit-pressures ordinates 
and distances from the line action the applied pressure abscissas. 
The area under the curve was divided into parts each representing 
and the abscissas the centroids such areas were determined. 
making the desired division the area was found convenient 
plot mass curve beginning the center line. From the center 
the given strip the tie, line was drawn the direction the 
applied pressure and distance representing in. perpendic- 
ular line was drawn. Upon this perpendicular the abscissas determined 
above were plotted. Straight lines through these points and the mid- 
dle the strip therefore represent lines pressure lb. each. 
The number such lines passing through width hor- 
izontal plane represents the intensity pressure. 


‘TABLE AND EXPERIMENTAL VALUES UNIT-PRESSURE 


Calculated Experimental 


Figs. and 100 were plotted the manner described, Fig. rep- 
resenting the lines pressure when the average load the tie 
lb. per sq. in. and Fig. 100 when the average load 100 lb. per 
sq. in., the only difference being that there are ten times many lines 
the last case. any point the ballast the number lines 
in. width will then represent the number pounds pressure per 
square inch that point. line may represent any intensity 
pressure (pounds being used only illustration) both figures may 
considered represent the relative distribution pressure for any 
given load the tie. 

The vertical unit-pressure any point may determined with 
greater accuracy substituting for and Equation (28) the 
values and h,, found means Equations and (24) for 
each unit strip the tie, and adding the results. The results 
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some such calculations are given Table 19, width tie in. 
being used, and experimental results are given for comparison. 

will seen that the distribution pressure found the experi- 
ments may accounted for the superposition pressures 
differing intensities and inclinations over the bottom the tie. 

The method lines pressure, conjunction with the variation 
pressure beneath the tie, supplies explanations the concentration 
and distribution pressure the ballast. 

following observations summarize 
some the results the tests and analysis and bring out part the 
phenomena attending the transmission pressure from the tie through 
the ballast. 

The bearing pressure the tie varies intensity from its edge 
its middle line; the maximum intensity dependent upon the 
intensity pressure developed the edge. variation intensity 
exists also along the length the tie. 

The pressures which react from the lower face the tie act 
other than vertical lines, the greatest variation from the vertical 
direction being the edge the tie. 

There concentration pressure short distance below the 
tie, say, and the intensity pressure the ballast 
such depth greater than exists the bottom the tie. 

For the tie ordinary width the intensity pressure depth 
in. and the distribution vertical pressure over horizontal plane 
this depth not differ greatly from those existing immediately under 
the tie. The directions the pressures are not the same. below 
this depth the distribution pressure laterally begins, with con- 
sequent decrease maximum intensity pressure, and the change 
becomes more apparent the depth increases. 

The foregoing relates the transmission pressure from single 
tie. For number ties with the ordinary tie spacing, the effect 
the combination pressures transmitted readily found super- 
posing the values the pressures from the several ties obtained for 
plane the same depth. For the ordinary width tie, the effect 
the pressure transmitted adjacent tie points midway 
between ties (overlapping lines pressure) noticeable depth 
equal about half the usual tie spacing. depth three- 
fourths the ordinary tie spacing the pressure immediately under the 
center the tie about one and one-half times that resulting from 
uniform distribution over the horizontal plane. depth equal the 
ordinary tie spacing the lateral distribution has become such that the 
variation intensity pressure from tie tie small. 

The variation intensity pressure the ballast lengthwise 
the tie (which dependent upon size and stiffness tie, quality 
tamping, and condition the bed which the tie rests) becomes 
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less and less with increase depth, and may expected that the 
variations will smoothed out depth equal the ordinary tie 
spacing, few inches below, where there will fairly uniform 
pressure over the horizontal plane. 

The tests were made rigid base and the results may expected 
apply firm roadbed capable carrying the transmitted. 
depth ballast greater than that named would found useful when 
the roadbed uneven character yields under the load sub- 
jected unusually heavy load. 

The tests show that for quiescent loading there little difference 
the manner and rate transmission and distribution pressure 
for broken stone, pebble, and sand ballasts; that is, given depth 
the intensities pressure will approximately the same, provided 
course the ultimate carrying capacity the ballast not exceeded, and 
this conclusion may properly~be extended other non-cohesive 
materials. will require less load force the tie into sand ballast 
than into broken stone; the ultimate carrying capacity the broken 
stone ballast under tie pressure much greater than that the sand 
ballast—the particles sand ballast are more easily moved and 
rearrange themselves under lighter loads. For the different kinds 
ballast there are great differences the ultimate load which can 
carried tie before ballast movement begins. The ultimate carrying 
capacity depends upon size particle, smoothness surface, and 
degree angularity. material whose mobility under pressure 
increased the addition water mixture with other materials 
may thereby have its carrying capacity decreased. For heavy loading 
the ultimate carrying capacity ballast material especially 
important. 

evident that principal function the ballast immediately 
under the tie and for some distance down, aside from such functions 
drainage, carry the load without material lateral movement 
the ballast that depth which lateral distribution becomes effective. 
advantage the coarser, rougher kinds ballast that they will 
carry greater ultimate load—which special importance the 
upper part the ballast. This especially true under the jarring, 
vibrating loads track service for which the ultimate carrying capacity 
naturally will less than that found under the quiescent loads used 
the tests. 

The tests the laboratory indicate, would expected also from 
analytical considerations, that the presence ballast above the level 
the bottom the tie may have little influence the quiescent load 
which will carried before the ballast will work out from under the 
tie and allow settle, but that under repeated applications load 
and particularly under jarring and vibratory loads the ultimate carry- 


ing capacity the ballast considerably increased raising the 
level the ballast surface the top the tie. This advantage 
particularly apparent the end the tie, where under the whipping 
action the tie under repeated deflections the particles ballast will 
more readily pushed away, since beyond the end the tie there 
part the track structure available for resisting the lateral pres- 
sure the case the direction the track, where another tie 
always near hand. 

seems probable that the effect the jarring action train loads 
will decrease the lateral distribution pressure. seems possible 
also that this tendency counteracted some degree the cohesion 
which develops ballast after has been place for some time. 

should added that the “lines pressure” used the discus- 
sion are presented being service illustrative and suggestive 
conception which will help explain some the phenomena 
transmission pressure, rather than rigidly scientific hypothesis. 
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PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


NOVEL METHOD 
REPAIRING SWING BRIDGE 


the course the regular inspection the bridges The Con- 
necticut Company 1912, the bottom chords the swing span 
the Washington Bridge over the Housatonic River were found 
dangerous condition because the great loss section cor- 
rosion, due the street drainage having been. discharged upon the 
chords for years. 

This bridge carries highway with single electric railway track, 
and being the direct route from New York Boston, traffic 
moderately heavy. There other bridge within seven miles 
which this traffic could diverted, and the Housatonic this point 
navigable stream, any material interruption either navigation 
highway and railway travel during reconstruction was prohibited. 

This paper describes the methods used renew the chords, with 
very material saving time and money, without impeding traffic. 
system temporary adjustable timber substitute members was devised 
carry the bottom chord stresses while the permanent chords were 
being renewed, allowing the free use the bridge for half the width 


papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present the meeting, 
and may sent mail the Secretary. Discussion, either oral written, will 
published subsequent number Proceedings, and, when finally closed, the 
papers, with discussion full, will published Transactions. 
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roadway all times, and also permitting the span opened 
required for river traffic. 


Washington Bridge, connecting the towns Stratford and Milford, 
Conn., crosses the Housatonic River about one mile and one-half above 
its mouth, and carries the main highway between Bridgeport and New 
Haven. this point the electric railway The Connecticut Com- 


pany has single track the highway, though the line double-tracked 
for most its length. 


CONSTRUCTION. 

The bridge was built 1893 Dean and Westbrook for Fairfield 
and New Haven Counties highway bridge, the steel having been 
fabricated the Berlin Iron Bridge Company. This structure consists 
swing span with fixed span each end. The fixed 


spans have through pin-connected triangular trusses with curved 


chords, each span with eight 29-ft. panels subdivided into sixteen floor 
panels ft. in. 

The swing span has through pin-connected trusses, Fig. with 
18-ft. rectangular pivot panel flanked each end three triangular 
panels ft. in., subdivided into six floor panels ft. in. long. 
The top chord each arm this span curved, with height varying 
from ft. This swing span entirely center-bearing, but has 
turntable with six wheels running track provide for 
unbalanced load. The original bottom chords were channels, 
latticed, 133 in. back back, with splices near the main panel points. 
the pivot panel were two additional channels between the outer ones, 
the latter being continuous with those the rest the chord. 

all the spans the trusses are ft. in. centers, the highway 
being carried between the trusses 24-in. plate girder floorbeams 
hung below the chords loop hangers passing around the pins and 
down tie-plates under the bottom flanges. The plank floor sup- 
ported I-beam and channel stringers resting cast iron chairs 
top the floorbeams. 

One the designers this bridge said many years later (after 
having extensive experience bridge construction) that doubted 
there was pound surplus material the original bridge excess 
that required meet the specifications under which was designed. 
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Repairs AND ALTERATIONS. 

Originally there was track the bridge, but one was laid later, 
its center line 1913 being in. south the center line between 
trusses, seen Fig. 

The bridge has been strengthened extensively repaired altered 
several times, one the more recent changes being the addition 
4-ft. sidewalk brackets outside the north trusses. the same 
time, The Connecticut Company renewed its track stringers, increasing 
their capacity, and cover plates were added both flanges the floor- 
beams additional floorbeam hangers were put on, and some repairs were 
made the bottom chords the main trusses. This work was required 
not only provide for increased loads, but because serious corrosion 
found many parts the bridge. 


1912. 

Examination this structure the course general inspection 
the bridges The Connecticut Company the Fall 1912 revealed 
the fact that serious corrosion had taken place the bottom chords 
the swing span. Though the bottom chords fixed span (being 
eyebars) had suffered material loss, the discharge drainage from 
the roadway through slots the under side the wheel guards had 
been very destructive the latticed channel chords trusses 
the swing span. The chords both trusses this span were such 
condition for nearly the whole length that their immediate renewal was 
necessary, else the use the bridge would have discontinued. 


indicated Fig. several places the top bottom flange 


channel was nearly entirely gone, and other places large holes were 
rusted through the web. Corrosion was general for the whole length 
both trusses, but was greatest near the pivot pier, and the inner 
channels had suffered more than the outer ones. 

Some the pin holes had been enlarged rust badly distorted 
overstrain (see Fig. 4). Unfortunately satisfactory photograph 
was obtained the worst case such enlargement, where rust had 
enlarged the pin-hole more than in. beyond its normal lines. 


These facts made evident that the unit strains:upon the reduced. 


chord sections, due the dead load when the bridge was swinging, far 
exceeded any possible live load unit strains, and the chief danger 
failure was “breaking its back” when swinging rather than weak- 
ness for carrying 
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Factors AFFECTING THE METHOD 


The first method procedure suggest itself was construct 
temporary bridge with jack-knife draw one side the present 
bridge, and divert the traffic thereto. Then the draw Washington 
Bridge could swung open and blocked the fender pier 
allow the renewal the chords. The great expense involved this 
method quickly forced the consideration other possibilities—and 
quasi-possibilities. 

There bridge ferry across the River below the 
Washington Bridge, but the main line the New York, New Haven 
Hartford Railroad has four-track bridge over the river about 
mile upstream. The location and construction this bridge and its 
approaches, however, are not such allow easy economical diver- 
sion highway trolley traffic it. The nearest other public means 
conveyance across the river miles distant; divert traffic 
that route would have added about miles the miles direct 
route from Bridgeport New Haven. 

Both passenger merchandise traffic across the Washington 
Bridge moderately heavy the electric railway and also the high- 
way, the bridge the most direct route between Bridgeport and 
New Haven and between New York and Boston. The inconvenience 
and expense that would have been caused the interruption traffic 
would have been great. Some the traffic would have been discon- 
tinued sent railroad, but most would have been diverted 
the crossing miles the river, with average increased haul 
about miles. 

The river traffic lighter, but the Federal Government gives such 
attention the maintenance its water traffic that more prac- 
ticable stop entirely thousands travelers highway railway 
over navigable stream rather than prevent for single hour the 
passage yacht, tug with across the line such high- 
way railway. was learned, however, that Nature does each winter 
what the Government prohibits man from doing—closes the river 

navigation for about three months. Records kept for several years show 
that the ice became thick prevent navigation from December 
January March April each winter for which records were 
available. was thought that the War Department might 
suaded allow piles driven through the ice, provided that such 
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man-built barrier were not allowed remain interfere with theo- 
retical open navigation longer than the ice presented its prohibition 
actual navigation. However, uncertainty obtaining such permis- 
sion, well the cost this method making the repairs, emphasized 
the desirability further study other methods. 

may observed from Fig. that though the swing span has six 
floor panels each end, yet structurally has but three panels 
each arm, each truss panel having its bottom chord divided into two 
parts corresponding length with the floor panels and, course, having 
equal stress. only about third the deflection the draw when 
swinging was taken the end lifts, nearly all the dead load was 
carried the trusses the center bearing even with the bridge closed, 
very little this dead load being supported the ends. This resulted 
constant compressive strain the whole length the bottom 
chords except the end panels, whether the bridge was swinging free 
was closed and carrying the maximum live load. Only small tensile 


stress was possible even the end panels. The plans were examined, 


and careful inspection was made the structure itself ascertain 
whether careless erection the numerous repairs and strengthenings 
might have changed conditions from those shown the plans. was 
found that there were small spaces each the.main pins where 
jaws compression members could obtain bearings. 

Consideration these facts led the adoption plan for carry- 
ing the bottom chord strains temporary substitutes while the chords 
were being renewed, and study the problem brought conviction that 
this was not only feasible but surprisingly economical solution. 


avoided the cost falsework and constructing temporary 


for detour. 
Stress REQUIREMENTS AND ASSUMPTIONS. 


was assumed that raising the ends the swing span relieved 
each truss that portion the dead load which was concentrated 
the end panel points, leaving the remaining dead load 
the bridge were swinging free. The live load was considered carried 
continuous truss three supports. With these assumptions, if— 
(a), the railway traffic were stopped during the progress the work; 
(b), the sidewalk were removed, and (c), the highway traffic were con- 
fined all times the half-width the bridge away from the truss 
which the work was being done, the maximum stresses the bottom 
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chords the north truss would be: 600 compression 
105 000 Ib. compression, and 118 000 lb. compression. 


Stresses the south truss would slightly less, because there 
were sidewalk brackets the south side. 


OUTLINE PLAN ADOPTED. 


Based the foregoing stresses, plan was prepared for entirely 
relieving the steel chord all compressive strain the use 
temporary adjustable timber substitute chord (see Fig. 5), each full 
panel (except modified near the pivot panel) having inclined struts 
with jaws bearing against the pins the main panel points and 
L,, their other ends abutting against the intermediate floorbeams 
L,, and L,, near their bottom flanges. 

the pivot panel, double timber strut was required, placed 
horizontally with one timber each side the latticed strut, because 
the latticed longitudinal strut between the cross girders. These 
timbers were placed the level the lower ends the timbers 
other panels, and the timber the half-panel each side the pivot 
panel was also placed horizontally and abutted against the cross girder 
directly opposite the double strut the pivot panel. 

the temporary chord did not bear against the pins next the 
pivot panel, there was left unbalanced thrust for the batter posts 
U,-L, the adjacent panel each end, which must transferred 
across the pivot panel. This was provided for timber strut (also 
adjustable) above the level the pins, and bearing against the vertical 
posts over the cross girders. 

the chord stress equal both parts full panel and 
two temporary struts which were used take the strain abutted against 
the pins the main panel points and against opposite sides the 
floorbeam the same height intermediate points, there was strain 
the floorbeams due the temporary chord (or substitute), but merely 
slight additional tension the hangers. 

the full panel each end the bridge, tension was 
provided for two adjustable rods passing over the intermediate pin 
and connected yokes with U-rods around the pins the main 


panel points and provision was made for tension any other 
part the chord. 
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All the weight the bridge when swinging, and (by the assump- 
tion made) nearly all the dead load and large part the live load 
when the draw closed, are delivered the cross-girders the 
bearing the bottom chord channels upon the cross-girders, whence 
the center bearing, except for small amount 
unbalanced load carried the turntable wheels. evident that 
the chord channels were removed entirely from the top the cross- 
girders and other provision made for supporting the bridge, 
would drop until bearing the vertical batter posts was reached 
the cross-girders. prevent such drop, four wedges in. thick 
were driven under each pin just inside the webs the channels 
forming the vertical post, and outside those forming the main 
diagonal 

The longitudinal latticed struts between the cross-girders under the 
trusses were very badly corroded and had renewed; and read- 
justment was required some the truss members. 


DESIGN. 


the first five sub-panels from each end the span (see Plate 
each compression member was composed two pieces 
hard pine timber, separated forged steel wedge sliding vertically 
between cast iron caps the timbers, thus allowing for adjustment 
the length the member. 

The lower end this strut was trimmed that would bear solidly 
against the web and bottom flange the intermediate floorbeam, while 
the upper end was cut down width in., and sawed off square 
butt against the diaphragm steel cap with jaw-plates bolted 
one each side the timber. These jaws projected beyond the end 
the timber and diaphragm, and had their ends cut out semi-circularly 
fit against the main truss pin. Between these jaw-plates, and bearing 
against the end the timber, diaphragm plate was attached 
the jaws two angles (or in., the rivets being counter- 
sunk the diaphragm present flat surface for bearing the 
end the timber. 

The wedge was located ft. from the floorbeam end the strut, and 
had two planed surfaces, each with slope sliding between 
planed surfaces the cast iron caps the timbers. Two 1}-in. bolts, 
passing through the wedge and through washer plate in. square 
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in. thick, were used draw the wedge into place and prevent 
its slipping. Two scabs 12-in. channels ft. long were bolted the 
strut, one each side, maintain the strut proper line. These 
scabs were secured the component timbers nine bolts for 
each timber, three which passed also through the cast iron cap. The 
holes the channels for the bolts for the lower, and shorter, timber 
were in. diameter, while those for the bolts for the other timber 
were slotted in. length. These bolts were left loose until the 
wedges were drawn the full amount, and then tightened. The slopes 
(or in. per foot) were adopted for the wedge nearly 
balancing the friction, the faces the wedge were well greased the 
coefficient friction being estimated about 0.15. 

Later experience confirmed this estimate, for when the bolts were 
slacked off required the tap hammer (in some cases hard blow) 
loosen the wedges. 

the half-panel next the pivot panel (Plate VII), the strut was 
made similar those the first five half-panels except that instead the 
jaw connection for the pin the strut was placed horizontally with 
square end the timber abutting against the web the cross-girder 
under the pin Blocking underneath and both sides the strut 
held securely place. 

the pivot panel double strut was used: was laid horizontally 
and level with those the adjacent half-panels, but with one line 
timbers each side the permanent latticed steel strut between the 
cross-girders, which (except one diagonal temporarily omitted) had been 
previously renewed. These timbers were bolted together through spac- 
ing blocks three points, and had double cast iron caps for wedges 
sliding horizontally, the two wedges being drawn two 1}-in. rods 
passing through both wedges. the expansion joints 10-in. scab chan- 
nels, similar the 12-in. channels the other panels, were used, but 
they were placed top and underneath the timbers. Blocking 
held the struts place points bearing against the cross-girders 
and distribute the pressure the two struts this panel 
oppose the single struts the adjacent half-panels without straining 
the webs the cross-girders. 

strut was placed in. (on centers) above the chord the pivot 
panel take the unbalanced thrust the diagonal posts the 
adjacent panels. Its construction was similar that the other 
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timber struts, and its ends butted against blocking the channels 
the vertical truss posts, blocking also being placed within the post 
stiffen locally. 

the full-panel each end the span (Plate the temporary 
rods were provided with turnbuckles for greater convenience, 
although adjustment was possible the yokes where the main rods 
were connected with the U-bolts passing around the pins. 


frequent the author’s practice the design and construc- 
tion such bridges their repair, the specifications prepared 
Professor George Swain, Past President the Society, and issued 
the Massachusetts Railroad Commission, were adopted the basic 
specifications for this work. the proposed method conducting 
the reconstruction required great care its execution, would 
result disaster instead improvement, supplementary specifica- 
tions were prepared going into more than usual detail the methods 
used, precautions taken, and the order which the work 
should performed. 

was provided that the electric railway traffic should suspended 
across the swing span during the progress the repairs, and that other 
traffic should restricted all times the half-width roadway 
away from the truss upon which work was being done the time. 
preparation for renewing the chord the north truss the sidewalk 
was removed and stored properly that might replaced 
after the chord had been renewed. 

The strengthening one truss was required completed before 
work should begin the other; and for each side the bridge was 
prescribed that the work should proceed the following order: 

The new longitudinal strut the pivot panel under the truss between 
the cross-girders, should placed and entirely riveted, except noted, 
before any work done upon the truss itself. 

Obstructions placing the temporary chords, such tieplates and 
lattice bars, might removed when necessary, but such case 
temporary blocking and clamps should placed order properly 
stiffen the chord channels. 

All the temporary material for one truss was put place and 
the slack taken (but without strain), and examination was 
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made each member see the anticipated additional wedging 
would leave the wedges within the prescribed limits position, before 
the wedging should begun which was relieve the main chords. The 
driving these wedges was begin the pivot panel and proceed 
thence toward the ends, keeping the conditions approximately equal 
the corresponding panels the two arms. Wedges were well 
lubricated, and when fully drawn into the position which should remove 
all the strain from the main chords they should bear for least three- 
quarters their length upon the caps. bolts the scab chan- 
nels for the temporary struts were put place and the nuts placed 
the ends the bolts, but left loose until the wedges were their 
final positions. After the wedges were adjusted that strain what- 
ever was left the main chords the nuts must tightened before any 
chord section could removed. 

was specified that the entire temporary chord, including the 
adjustable rods the end panels, should place and satisfactorily 
adjusted that the main chord should entirely free from strain, 
and the bolts through the scab channels tightened up, before any 
section chord channel might removed. The renewal the chord 
channels should begin the ends and proceed toward the pivot panel, 
only one section chord channel being off once, the lacing and tie- 
being bolted soon practicable. Where the temporary 
work prevented immediate replacement tieplates and lacing, block- 
ing and clamps should used stiffen the new chord channels the 
same specified for use with the old ones before renewal. 

Wedges the cross-girders under the pins were specified 
driven before the old chord was removed, and withdrawn after the 
new chord sections should place; after which they were 
redriven firm bearing and secured such manner prevent 
their working out. the time writing the specifications was not 
realized that the pinholes the chord channels had been deformed 
and overstrain that settlement from in. had 
these points, requiring corresponding lift the whole 
bridge order allow the new chord channels put on. 

The experience driving the wedges the first time led the can- 
cellation the requirement for their withdrawal and redriving. was 
specified that short pieces the inside channels (there being 
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four channels each chord section the pivot panel) should left 
place help deliver the weight the bridge the cross-girders. 


TAKEN INSURE SAFETY. 


From the inception this method renewing the truss chords 
was fully appreciated that any carelessness, either design execution 
the work, would fraught with danger; special precautions were 
taken insure its success. Consideration was given the matter 
economy, but when the question was the choice between low cost 
attended danger and somewhat higher cost coupled with safety for 
life and material, there was hesitation choosing safety. its 
principles the method proposed was decidedly economical that 
there was less incentive reduce the cost the last cent possible, 
use too delicate scales balancing safety against cost. 

Extensive experience the conduct repair work brought realiza- 
tion that, even more than new work, carefully prepared specifications 
and plans were not any means guaranty that the actual work 
would done indicated them. Therefore, when the plans were 
presented was stipulated that, they were adopted, the work must 
done under careful engineering supervision contractor, foreman 
and crew who had been found dependable other similar undertakings. 

was recommended, also, that payment for the work should put 
such basis that undue desire for profit should not lead the con- 
tractor into careless methods. Arrangements were made give the 
author absolute jurisdiction, and that should represented all 
times upon the work trusted assistant resident engineer; also, 
that should present person more critical stages 
the work. contractor and foreman who had aided the author and his 
staff many times seeking “safety first” other critical work, and 
had inspired complete confidence, were chosen the work, which 
was carried under “force account” contract. 

many cases the stresses provided for would have permitted 
the use smaller timbers, and correspondingly smaller wedges, caps, 
for the temporary work, especially could assured that they 
would subjected other strain than that direct compression 
parallel with the axis the timber. Practical consideration all the 
demands that might made upon them, however, prompted the use 
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12-in. timbers throughout, and wedge and channel reinforce- 
ment uniform type, far practicable. 
further precaution, extra timbers, wedge, caps, and bolts were 
provided for use emergency, and timbers and blocking were made 
available that case difficulty drawing the wedges the bridge 
could swung open and blocked the fender pier. Except two 
wedge bolts these extra supplies were not required, and after the com- 
pletion the work the timbers were returned the lumber company 
without other expense than the mere hauling and from the bridge. 
Though was considered safe swing the draw any time during 
the progress the work, was thought desirable additional pre- 


caution avoid such turning practicable. Preparation was 


fore made execute the work during the season which navigation 
would closed ice. evident that the author can lay claim 
being righteous, for “the good book” states that the “fervent prayer 
righteous man availeth much.” Certainly his prayer for long 
closed season was fervent; but the winter 1912-13 proved 
very unusual one, and the longed for ice came such moderation that 
navigation continued without interruption. Nevertheless the work 
went ahead and was completed with mishap whatever. 


Work. 


All materials for the work, both for temporary use and for permanent 
construction, were made ready and collected near the bridge 
before work was commenced the existing structure. barricade 
was erected the end each approach span just outside the per- 
manent gate, and fence was built for the whole length the swing 
span confine the traffic the south side the draw, leaving little 
more than half the width the roadway clear, and protecting the men 
work the north truss. The sidewalk floor outside the north truss 
was taken up, and the north tender’s house (used only for storage 
supplies) was removed except the roof, which was hung slings from 
above because the counter rods the truss passing through it. 

The first work, except that preparation, was the removal the 
longitudinal struts between the cross-girders the turntable and 
their replacement with new material. This was completed and riveted 
(except one diagonal omitted for the time being allow the wedge 
cap the temporary chord pass through the strut) before any work 
was done the truss chord itself. 
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The temporary chord (or temporary substitute for the chord) was 
then put place, but without strain, for the whole length the north 
truss. Each sub-panel strut was handled two lengths, the long timber 
with its wedge-cap and the the pin comprising one part, and 
the short timber and its wedge-cap with the channel bolted 
loosely forming the other. These two lengths were put together 
place, the bolts put through the scab channels and the long timber, arid 
the nuts caught the bolts but not turned (see Fig. 6). 

This held the strut (minus the wedge) sufficiently position 
release the men and the tackle for the heavier work hoisting the 
wedge into place, after which the bolts and washer plates were added 
and the wedge was drawn just enough take the slack. The 
lengths were made such that this condition left the wedge bearing for 
about half its length about half the depth the strut 
shown Fig. 

the pivot panel the double strut was placed similar way, with 
one line timbers inside and one outside (see Fig. the per- 
manent strut between the cross-girders, except that the wedge-caps 
(being double caps serving both struts and passing through the per- 
manent strut where the diagonal was omitted temporarily) were placed 
separately from the timbers. Consequently the scab-channels were also 
handled separately. This was done the more readily here because these 
timbers could hung upon the permament strut. this panel the 
channel were the top and bottom the timbers, and the wedges 
were drawn horizontally from the inside and outside, single pair 
rods serving for both wedges. 

Before placing the upper temporary strut the pivot panel the 
wedges were driven under the main truss pins between the pins 
and the cross-girders (or bearing-girders). these pin-holes had been 
enlarged rust and overstrain, there had been such settlement 
require lift ranging from in. The cramped space for these 
wedges added the difficulty driving them into place, but this was 
accomplished satisfactorily. Afterward, the upper temporary strut 
was placed between the truss verticals. The wedges under these pins 
were left place, not being withdrawn temporarily specified: 
was not found necessary pin them prevent their working out. 
Blocking was used inside the posts, and between the strut timbers and 
the posts, distribute the strain and stiffen the post channels. 
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this temporary strut the scab-channels were placed the upper and 
lower sides the strut, and the wedge was driven horizontally. 

Temporary tension rods the end panels (see Plate VI) were 
placed first inserting the long rods through the lacing the chord 
and passing their ends through the pin-caps the temporary 
Yokes were then put the ends the rods and the nuts turned up, 
the loop ends put around the pins and through the yokes, and the turn- 
buckles added and turned sufficiently take the slack. 

placing the temporary struts rods frequently became neces- 
sary cut away the tieplates and lacing bars, but whenever this was 
done suitable blocking and clamps were put stiffen the chord 
channels properly (see Fig. This was done also stiffen the chan- 
nels the new chords before the temporary struts were removed, 
that the tieplates and lacing could bolted on. some pins slight 
readjustment the pin-packing was required allow the proper 
insertion the jaws the temporary struts. 

When the temporary work for the renewal the chord the north 
truss was place for the whole length the swing span, with the 
slack taken but without taking any strain, all parts were examined 
see any refitting was required. Everything being found 
satisfactory, the work drawing the wedges was begun, starting 
the pivot panel and working toward the ends, keeping the advance 
approximately even the two arms. each wedge the nuts were 
turned little the rods alternately, using long-handled wrench 
with the handle lengthened the addition piece pipe that 
three men could work together the wrench while fourth assisted 
striking the head the wedge frequent blows with sledge. The 
chord was considerably relieved strain the pivot panel, (see 
Fig. 5), and the adjacent panels toward each end before any 
wedging was done more distant panels. The middle panels 
each arm were then wedged until there was hardly any strain left 
the truss chord. The men returned the pivot panel and those next 
each end, and the strain was entirely taken out the chord. 
After this, the remaining strain the middle panels was removed, 
and the end panels, were relieved all possibility strain, 
whether the ends the span were lifted were swinging free, 
wedging the compression struts and tightening the turnbuckles 
the tension rods. 
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had been expected, slight strain was now found the chord 
the pivot panel and those adjacent it, although previously entirely 
free from strain. Accordingly the wedges these panels were drawn 
little more relieve the chord again entirely. Then each section 
channel for the whole the span was sounded carefully make 
sure that was absolutely “dead”, and every nut the wedge rods 
and each tension rod the end panels was tested order sure 
that the rods each couple were dividing the stress about equally. 

When everything was found proper condition, the nuts were 
turned tight the bolts through the channel and the work 
left for the night with feeling satisfaction. All pin-nuts for 
-this truss were loosened removed easily and quickly (in most 
cases hand) when required, but left the pins, and close the 
chord channels that channel could slip off the shoulder the pin 
before its removal was desired. Several pin-nuts were broken their 
removal, but supply had been provided for this contingency, more 
new nuts were required for the north truss than had been anticipated, 
additional reserve was obtained order that there should 
lack later. 

The first work the next morning was retest carefully all details 
see any change had taken place during the night. 
being satisfactory, the lacing and tie-plates were removed from the outer 
channel the first panel, the east end, and this channel 
taken off. The test the plan renewal was not delayed greatly 
for hardly had this channel been removed when whistle was heard 
calling for the opening the draw. There was time for substi- 
tuting new channel, the work was stopped, all staging connecting 
the moving with the fixed structure was shifted carried entirely 
‘by the one the other, and orders were given open. 

During the whole time the bridge was open the engineers and the 
foreman carefully observed the temporary structure, sounding the 
steel chord channels see that they received strain because the 
movement. The result this observation was reassuring that there- 
after hesitation whatever was felt about opening the bridge often 
desired; fact, after the draw had been swung few times the 
work went while the bridge was open just about the same when 
was closed, except for the removal planks and ropes connecting 
with the piers and fixed spans. Several times some the workmen did 
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not even notice that the bridge had moved until they heard the noise 
the machinery lifting the ends after the bridge was closed. 

When the draw was closed again the new outer chord channel was 
put place, and the hanger for the end floorbeam bolted it. Then 
the inner channel was removed and new one substituted. When both 
new channels this section the chord were position and the nuts 
replaced the truss pins, many the tieplates and lacing bars 
practicable were bolted on, and such and clamps added 
were necessary properly stiffen that portion the length which was 
left disconnected. Bolts were put the gussets connecting the chord 
with the end floorbeam; the latter bolts were replaced rivets soon 
practicable, but those the tieplates and lacing were allowed 
await more convenient time. 

The renewal the second and third panels followed rapidly, com- 
pleting the east arm this truss except for short space near the pin 
like manner the lower chord the west arm this north truss 
was renewed for equal length; after which the new outside channels 
the pivot panel were placed and the inside channels this panel 
were cut off few inches from the pin. required the specifica- 
tions, short piece each these inside channels was left place 
assist delivering the load the truss from the pin the cross- 
girder. 

fast sections chord were added, the splice plates were bolted 
tight with bolts about half the holes and drift pins the other 
half. Riveting the splices was done soon convenient after the 
temporary work was removed, but riveting the tieplates and lacing, 
well the replacing the sidewalk, was allowed await the con- 
venience the work. 

When the whole chord was place and the splices bolted, all 
anxiety about the success the plan was over, but some difficulty was 
experienced the removal the wedges. their slopes were slightly 
less than the angle friction the bearing surfaces after the lubri- 
cant had been squeezed and dried out, some coaxing was required 
starting them. fact, some cases proved harder force them 
out than had been draw them into place. was considered unsafe 
remove both bolts entirely. from wedge, because sudden movement 
the wedge might endanger the chords the impact well cause 
the loss the wedge. The bolts were slackened little and the wedge 
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“teased” along blows hammer against the side the broad end, 
where extended beyond the under side the strut. the worst 
cases, one the bolts was slackened off and the other removed entirely, 
allowing bar put through the hole the washer plate and the 
wedge driven out blows against the thin end the wedge. 

Work the south truss was similar that the north truss 
with two important exceptions, the men were experienced 
their respective duties, and the inconvenience the sidewalk brackets, 
was absent; progress therefor was more rapid. one respect, 
however, work the south truss was more difficult, because there was 
greater distortion and corrosion the pinholes over the cross- 
girders. This caused the most troublesome operation the whole 
work, added the difficulty raising the truss its original posi- 
tion. The identical material was used for temporary work for the 
south truss that had been used for the north, except that two new bolts 
were required for drawing the wedges, replace those with worn 
threads. 

After the new chords were position, riveting and some adjust- 
ments floorbeam hangers completed the work restoring the bridge 


capacity considerably greater than before corrosion and distor- 
tion had injured it. 


comparison with what would have required had the repairs 
been made providing for detour, that the draw span might 
blocked the fender pier for the renewal the chords, the money 
cost and the interference with this method reconstruction 
were remarkably small. 

The total cost the work, exclusive engineering expense and 
that watchmen, was $5900. Vehicular traffic was confined the 
half-width bridge for about six weeks; trolley passengers were obliged 
transfer, with walk about 300 ft., for similar period time. 
Shipping suffered obstruction whatever, for the bridge was swung 
freely usual. 

Although definite estimate was made the cost detour, 
with temporary viaduct and jack-knife draw, believed that this 
cost, with provision for car service, would have been least $100,000. 
This plan would have saved the transfer trolley passengers, but all 
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would have had 300 ft. increased length haul (about equal 
the distance that traffic was restricted the adopted plan), and 
undesirable grade each end the detour would have been intro- 
duced. temporary draw slow action, the interruption traffic 
probably would have been great was with the short gauntlet 
required the plan described this paper. 

Interference with navigation surely would have been greater with 
temporary trestle and jack-knife draw, unless there was justification for 
the suspicion several times expressed when tug passed the river 
short distance, and returned soon without any apparent reason for 
the trip. was intimated that these trips might have been taken 
the hope refusal open the draw, order obtain basis for 
damage claim. cause for such claim was given, however. The time 
required for the work would have been much greater with such 
detour than was the case the method adopted. 

The cost detour might have been reduced somewhat omitting 
provision for the use cars the temporary bridge, but even with 
this saving would have involved many times the cost the method 
adopted. Such omission would have required transfer trolley 
passengers and necessitated their walking about mile. 

Although the success the method was never doubted the author, 
realized that some individual might criminally careless and 
neglect his plain duty, that the seriousness some otherwise minor 
accident might have been increased because the reconstruction work. 
There was therefor feeling relief when the work was safely com- 
pleted, also intensified the fact that eminent engineer had 
expressed fear that “the bridge would dropped into the river before 
the task was finished”. 

Hearty appreciation felt for the constant interest shown James 
Parker, the author’s principal assistant, and Guy Pinner, his detail 
designer and resident engineer during construction, Assoc. Members 
Am. E., for their careful study the problems involved; also 
the United Construction Company, the contractor, and Charles 
Sones, their faithful and careful foreman, and each his men for 
their helpful attitude, necessary for the successful prosecution the 
work without the slightest accident. 
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NEW PRINCIPLE THE 
THEORY STRUCTURES 


Discussion* 


Am. Soo. (by letter).t—Prof. Swain pub- 


lished the Journal the Franklin Institute, for February, March, 
and April, 1883, paper “On the Application the Principle 
Virtual Velocities the Determination the Deflection and Stresses 
Frames”, the method being based principally upon the investigations 
Mohr and Winkler. interesting note that the author has 
taken the subject again after years, and has applied the method 
finding the rotation section beam truss, under given 
loading; eventually applying the results deducing the “Theorem 
Three Moments” and making other interesting applications. The 
formulas and their applications are sound theory and are neatly 
and concisely presented. 

true, pointed out both Prof. Church and Mr. Mensch, that 
Equation (6) implicitly contained theorem Castigliano,§ but 
the author deserves our thanks for putting this definite, explicit 
form, where differentiation called for. The method the 
author does not require, the “moment area” method, that the 
beam frame should fixed direction anywhere, but does require 
immovable abutments, and that the reactions the abutments, 


Discussion the paper George Swain, Past-President, Am. Soc. E., 
continued from October-November-December, 1919, Proceedings, 


Received the Secretary, January 21st, 1920. 


The writer first had the pleasure introducing Castigliano’s masterly treatise 
Transactions, Am. Soc. E., Vol. XXIV, 265, April, 1891. this paper, some 
original demonstrations the method least work were given, besides 
general resumé Castigliano’s fundamental theories and methods, with some 
applications. 
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Mr. whether due the loads alone, the fictitious couple, should all 
included the forces acting the structure, which then 


taken free body, equilibrium under the loads and reactions, 
including any restraining couples acting the abutments. 

When these conditions are observed, the author’s Equation (6) 
gives the rotation section beam truss when the summa- 
tion (or integration) covers the whole beam all the members 
the truss.. Thus, for the simple beam, Fig. subjected load 
and couple, whose moment applied the right end, the 
beam free under these loads with their corresponding reactions. 
Then, when the integration covers the entire span, Equation (5) 
gives the rotation (in radians) vertical section where the couple 
applied. would erroneous apply the method only part 
the truss, for reasons given later. 

Castigliano’s method, where actual force the point, acting 
the required direction, (or actual couple the desired section), 
not available, arbitrary force (or couple) applied the point 
(or section), which eventually taken equal zero; then, the partial 
derivative the internal work the structure with respect the 
gives the deflection, that point, the direction the force, 
and the partial derivative the internal work with respect the 
moment the couple, supposed applied section, will give the 
rotation that section. 

Thus, the case arches subjected vertical inclined loads, 
there are introduced point the axis horizontal force 
vertical force w’, and couple moment then, the internal 
work the arch, expressed terms w’, and and the given 
loads, then, taking partial derivatives and, the end, making w’, 
and equal zero, 


horizontal deflection point; 
vertical deflection point; 
rotation section point, 


all for the actual loads only. 

the case long column subjected inclined load the 
top, eccentrically applied, the general solution effected with the use 
only the two loads and w’. other cases, only one load one 
couple may used. give illustration Castigliano’s method, 
take the case the simple beam, shown the author’s Fig. where 
load applied distance from the left abutment and 
arbitrary couple, which taken left-handed, supposed applied 
the beam the load, say means bar bolted the beam. 
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the moment the couple applied its left reaction acts 


and equals and its right reaction acts down and also equals 
Call the moment all forces from the left abutment section 


ft. from the left abutment, ft. from the right abutment. 


Now, neglecting shear, the internal work for the beam given the 
well known formula 


whence the rotation vertical section the load 


putting the values given above and then substitut- 


ing the values and 


pertaining the parts the beam 


the left and right the load and integrating between the limits 
for the right part, are conducted the integral given the author, 
and thus his value 
this negative, the rotation vertical section the load 
the opposite direction that the couple, clockwise. Since the 
influence shear bending was neglected, this value likewise 
gives the slope the elastic curve (in radians) the load, which 
thus downward the right. 
that the values 
and therefore for which case the moments due this 


couple moment are exactly the values given the author, that 
defined the author. fact, this generally true 


above are the same for any value 


for all cases, since linear function for any struc- 


ture, hence the author’s Equation (5) identical with Castigliano’s 
formula 


a = 


for any beam, straight curved. 
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the more general formulas for and Prof. Church, his 


has thoroughly pointed out the equivalence the author’s 


and formulas, that seems superfluous make any 
further comment thereon. 

Where external couple acts the required section, not 
necessary add the arbitrary couple. Thus, for the beam supported 
the ends and subjected only couple the right end, Fig. 
have 
and the rotation vertical section the right end 

Since positive, the rotation the direction that the 
couple, counterclockwise. The same final result would obtained 
the use arbitrary couple the right end, but the work 
slightly greater. 

Mr. Mensch, his comprehensive discussion, premises that the 
theory, its most general form, based upon the law that 

external work internal work; 
where “external work” includes that the loads and reactions (includ- 
ing restraining couples, any). thus evident that the usual 
formulas are only true for immovable abutments, where the reactions 

may well add that for simple beam with vertical loads, 
the left abutment sinks ft., its vertical reaction does the work 
The total sinking any load, the beam with reference 
the ground, made two parts, part, 4,, due the rotation 
the straight beam about the right end, from the sinking the left 
end ft.; and second part, 4,, due the elastic deflection, referred 
immovable abutments. Thus, the “external work” this case 

where the sum taken for all the loads the beam. Similarly, 
the case where both abutments sink can dealt with. both 
abutments sink equal amount, then the external work simply 

there restraining left-handed couple, whose moment 
the left end loaded beam and the vertical section thus turns 
radians the right, then easily shown that the work 
couple For gradually applied loads, the reaction and 
restraining couple will gradually applied, that the “exterior 
work” will one-half that given above, 
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which must equated the “internal or, the convenient mr. 

derived formulas Mr. Mengch may applied. 
Simply illustrate the application the general method, consider 

again the simple beam shown the author’s Fig. which carries 

single load distant feet from the left abutment. for im- 

movable abutments, the deflection the load for gradually 


applied load, the exterior work which equals the interior work 


be 


well known formula. 
Here the left the load 


the right the load 
Therefore 


find the rotation vertical section the load, pass 
section through the beam just the left and supply forces 
the section equivalent the action the part the beam the right 
the section the part the left, viz.: left-handed couple whose 


Fie. 40. 
This latter force, with the left reaction, forms couple moment 
equal that the cut section; hence the system one equilibrium, 
and the exterior work equals the internal work, 
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Substituting the value derived above, writing 


and, after effecting the integration, dividing through and 


solving for there obtained 
exactly given the author. 

Since negative; hence the vertical section under the 
load rotates radians opposite direction that the couple 
there, the right. 

This, course, not the shortest solution this problem, but 
given illustrate principles and incidentally show that the 
formulas for beams with immovable abutments not apply 
the segment the beams, with its loads and reactions, given 
Fig. 40. They apply, however, one half the beam, when 
the load the center, find the rotation vertical section 
the abutment; for the half-beam the condition cantilever 
fixed one end, with horizontal tangent the elastic curve, and 
loaded with the abutment, acting upward, that the solution, 
the case the author’s Case quickly effected. 

The writer, conclusion, desires express his great pleasure 
reading the author’s stimulating paper, which presents the subject 
concisely and, the same time, clearly. 
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CONTRACTS—A COMPARISON “COST PLUS” 
WITH OTHER FORMS 


Discussion* 


reading Mr. Wilder Clarke’s paper, one concludes that advocate 
the “cost plus” system. The writer, however, cannot conceive the 
idea that the system will ever come into general use. 
owner who intends build naturally desires know what 
will have pay, and when may expect the work completed. 
One can say, fact, that the first question asked is, “How much will 
the job How the engineer answer when the “cost 
plus” system adopted? Under the older forms contract, 
engineers and architects have been able the past answer these 
two questions fairly accurately, but now, owing the constantly 
increasing cost materials and labor, and the unsettled state the 
labor market, have made use the “cost plus” system, under which 
many million pounds’ worth work has been out this 
side the water during the war. 
the opinion the writer, should regard war emergency 
only. Under the “cost plus” system, or, known here, the “prime 
cost plus profit” system, impossible avoid decreased effort. 
There inducement economical industrious. The writer 
holds that fair competition good thing. competition the 


Discussion the paper Ernest Wilder Clarke, Am. Soc. con- 
tinued from October-November-December, 1919, Proceedings. 


London, England. 
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general level effort raised. One has only think the field 
sports arrive this conclusion. The system likely have 
disastrous effect labor, there scope for tact the management 
men, there constant interference and inspection behalf the 
owner, and there incentive seize favorable opportunities 
buying materials. 

the same time the writer admits that hardly expected 
contractors generally will take risks the extent they have the 
past. While have the present unsettled conditions, and with 
charges all the while increasing, there should appropriate clauses 
inserted the contract allowing for variation the contract price 
meet the increased cost materials and advances wages. 
cannot believe that the cost plus system will ever extensively 
adopted either this country America under normal industrial 
conditions. 


been much interested the discussion Mr. Clarke’s paper 
Contracts. 

One the prominent construction firms this city has been em- 
ploying the “cost plus percentage” contract with rebate the owner 
the actual cost the work. The following illustrations will make 
its mode operations clear. 


Actual Cost Exceeds Estimated Cost: 


Estimated commission, 20% estimated 20,000 
Rebate, 10% actual cost........ 000 
Commission earned, $20 000 $11 000.............. 000 


Actual Cost Less Than Estimated Cost: 


Estimated commission, 20% estimated cost...... 20000 


Rebate, 10% actual 9200 
Commission earned, $20 000 200.............. 10800 
cost owner, $92 000 200 $10 800..... 600 


informed that this contract has given satisfaction the few 
cases has been used, and appears away with one the 
objections the straight “cost plus percentage” form, that the con- 
tractor has some incentive keep the cost the work down. 


Montreal, Que. 
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presented exhaustively the merits the “cost plus” system letting 
contracts. Under ideal conditions, where the contractor and his force 
are actuated fairness and honesty, the system undoubtedly equi- 


table both the contractor and the owner, but there enough evidence 


the administration recent contracts, especially most those 
out during and continuing after the War, prove that the 
system capable the greatest inj ustice the owner, and profiteering. 
Even where the contractor himself may desire fair his prin- 
cipal, the very fact that his advantage have the work extend 
over long period and cost more than the estimate, permeates the 
entire organization from the superintendents the lowest paid 
laborers. takes away all the responsibility and the impetus for 
despatch and construction. 

The writer ventures say that many the most important projects 
out this system might have been done for one-third one- 
half the cost under system that would have been the interest the 
contractor finish the work the shortest time and the lowest cost, 
which the ideal system. one has been able devise form 
contract that will realize this ideal. 

Therefore, any system that must defective 
some part. 

The usual contracting systems are: The “Lump Sum”, the “Unit 
Price”, the “Cost Plus and the “Cost Plus Fixed 
Sum”. Some projects lend themselves the lump sum bid; such, for 
instance, the construction pumping engine, water tower 
light house, where there may subsequent necessity for deviating 
from the original plans. The lump sum bid not well suited the 
construction dam reservoir any structure where the quantities 
are likely differ from those shown the original plans, which 
cases the unit price system applicable. Both these systems, how- 
ever, give the owner the advantage and impose upon the contractor 
serious risks. the work let the lowest bidder must often 
compete against unduly low bids. gets the work takes all risk 
unfavorable conditions, while the owner takes only the risk in- 
creased quantities. the percentage and cost plus methods there 
premium inefficiency and profiteering, and the advantages lie 
wholly with the contractor, who takes risk whatever. 

Engineers have tried overcome these difficulties without imposing 
injustice the contractor. Probably one the best methods 
invite bids unit price basis, with the proviso that the most accept- 


able bidder willing take the work alternate fixed 
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profit basis. Then the owner, through his engineer, may the 
acceptable bidder and decide the amount profit willing 
pay, regardless the cost; the work done cost basis plus the 
fixed profit, and the contractor permitted participate the saving 
induce the contractor expedite the work possible and 
will the interest every one connected with the construction 
the work the lowest price and the shortest time. This 
method may appear difficult application, but the difficulties are more 
apparent than real. complete understanding must had with the 
contractor whether, and how, overhead charges and plant rental 
are included cost. 

Another method overcoming the difficulty select con- 
tractor who has established reputation for economical construction 
the “cost plus” basis, but this method manifestly unfair many 
deserving contractors whose reputations are not well known. 

any case, the interests the owner regard quality work 
can safeguarded only honest and capable engineering supervision. 
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THE PRODUCTION TOLUOL FROM GAS PLANTS 
Discussion* 


(by letter).t—In addition the experience reduc- mr. 
ing the candle-power New York City gas, the Ordnance Department, 
its operation the Government toluol plants, was confronted with 
similar problems the cities Minneapolis and Detroit. 

Detroit, the Gas Company was required deliver gas 
candle-power and 600 B.t.u. 1917, representatives the 
Ordnance Department requested the authorities reduce the candle- 
power, permit the recovery toluol two plants, contem- 
plated. The City Council adopted resolution reducing the standard 
candle-power and 600 B.t.u. during the operation the toluol 
plant. The heating value standard was later reduced 570 B.t.u., and 
although these standards were maintained until after the armistice, 
record any complaints was brought the attention the Ord- 
nance Department, which was constant touch with the plant opera- 
tion, and particularly the lookout for dissatisfied gas consumers. 

The gas standard Minneapolis, prior the war, was candle- 
power and 600 B.t.u. After negotiations for the operation toluol 
plant had been completed, the City was requested reduce 
the standard candle-power, permit the operation the 
plant without the use additional gas oil. The Commission acceded 
this request, and later further reduced the standard candle- 
power and 570 B.t.u., which remained until the toluol plant was 
shut down the Ordnance Department. New York and Detroit, 


Discussion the paper Myron published the October-November- 
December, 1919, Proceedings. 
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complaints poor gas service had come the attention the 
Government Inspectors. 


the casual reader Mr. Falk’s paper, would appear that the 
Ordnance Department occupied anomalous position requesting 
reduction gas standards the one hand, and opposing reduc- 
tion the other. There was, however, nothing inconsistent its 
attitude. Its only concern was obtain the maximum amount 
toluol, that the plants might kept operating 100% 
capacity. Therefore, whenever lower gas standard was necessary 
permit toluol extracted, the Ordnance Department advocated 
lower standard; when lower standard would result curtailing the 
toluol production (as would have been the case had the 528 B.t.u. order 
been put force), the Ordnance Department opposed such reduction. 

This narrative the action the Ordnance Department bring- 
ing about material reduction candle-power the gas delivered 
several our largest cities, and its failure affect adversely the 
interests the gas consumers those cities will great interest 
the gas industry. 

For many years gas engineers have advocated that all candle- 
power standards discarded, that they might enabled take 
advantage economical methods gas manufacture and distribution, 
which they are unable use when obliged conform with high candle- 
power standards. Practically all regulatory bodies have recognized the 
soundness this stand, and have substituted heating-value standards, 
setting them low enough encourage the utilization gas from by- 
product coke plants. However, our largest cities have been the ones 
cling the obsolete candle-power standard, claiming that con- 
siderable number gas users are dependent upon open flame lighting, 
and would suffer reduction candle-power. 

experience New York City, where the candle-power was 
dropped from 10, 55%, without complaint from consumers, 
shows that there longer any good reason for retaining candle- 
power standard. Standards any kind are intended serve the 
purpose insuring the purchaser uniform quality product, which 
quality should high possible consistent with its price. 
cases such that public utility, where the price paid the con- 
sumer determined representatives the commonwealth, the fair 
price necessarily bears direct ratio the cost production, and 
public interest, therefore, demands that the standards should such 
keep this cost production low possible. The candle-power 
standard does not meet this test, and should, therefore, discarded. 

considering the question gas standards, regulatory bodies 
should have broad enough vision see the future sources gas supply. 

Our requirements for smokeless fuel are increasing very rapid 
rate, while the production anthracite increasing little, none. 
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The shortage can made the use coke for domestic purposes. 
Coke today formidable competitor anthracite, and the extension 
its use will tend keep anthracite prices down. The manufacture 
coke modern oven retort plants yields by-product gas, which 
every way satisfactory for domestic cooking, heating and lighting, 
although cannot manufactured meet high candle-power 
standard. Today, more than score large cities, including St. Louis, 
Boston, Baltimore, Newark, Jersey City, Indianapolis, St. Paul, Hart- 
ford, Providence, Rochester, are being supplied wholly part 
such gas. None the cities mentioned has candle-power standard. 

The authorities who are charged with the responsibility for pro- 
tecting the interests the served public utilities, and who 
have not yet recognized the wastefulness the candle-power standard, 
should give full weight the points brought out Mr. Falk’s paper, 
and should set standards gas quality that will encourage the con- 
struction large coal-gas plants. doing, they will instru- 
mental creating source economical gas, well source 


smokeless fuel, which will act check upon the rapidly mounting 
prices anthracite fuel. 


Horace (by paper particularly illumi- 
nating the relationship toluol production during the War 
required standards for city gas. The author 
his clear and forceful presentation the facts bearing upon the treat- 
ment this question the War and the Fuel Adminis- 
tration during the war. 

Attention may called additional item, not mentioned 
the author, the increase toluol production accomplished the 
Ordnance Department. The coke ovens which the beginning the 
‘war produced 85% the toluol supply were assisted obtaining coal 
good quality, and raising their yield toluol per ton. 
increase over 10% was thus obtained their production, and four 
times that increase would have been possible with intensive effort and 
due co-operation the part all governmental agencies concerned. 

The average production toluol per ton coal coke oven plants 
throughout the country was the beginning the war about 0.28 gal. 
During the year 1918, November ist, plants (out total 
35) averaged 0.44 gal. per ton coal. The highest was 0.56 gal. 
With coal mixture reasonably high percentage volatile matter 
(having regard for necessary coke output) and with reasonably prac- 
tical changes operating conditions, the average yield toluol from 
coke ovens throughout the country could have been increased 0.40 
gal. per ton, per cent. 


*West Conshohocken, 
the Secretary, February 10th, 1920. 
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December, 1917, the Fuel Administration was urgently requested 


the Ordnance Department take steps toward preventing the 


diversion high-volatile coal from coke oven plants, and insure 
these plants full coal supply maintain toluol and ammonia 
production. Belated steps were taken this direction, but the results 
were not evidence for several months. 

The development toluol supply from city gas plants was resorted 
the early days the war because would relieve the situation 
quickly. The old saying reminds that “hindsight better than fore- 
sight”, but look back the light later experience appears 
unquestionably true that the utilization existing coke oven capacity 
for toluol production the highest possible efficiency and with fullest 
possible coal supply highest percentage volatile matter would have 
yielded large increase toluol short time, and would have 
rendered unnecessary some the more expensive the Government 
installations gas works. Coke oven plants under construction the 
beginning the war could also have been hurried completion and 
their toluol production made available earlier. 

Coke oven plants and their benzol-toluol recovery equipment have 
good post-war value, while city gas stripping plants have little 
none. Conservation promoted the former, disturbed the latter. 

Had the Fuel Administration not failed provide the coke ovens 
with the necessary coal for full toluol production the early stages 
the war, there would have been better ground for their subsequent 


plea for oil conservation gas plants through the 528 B.t.u. standard 
and consequent toluol reduction. 


| | 
| 
q 
| 
q 
7 
| 
| 
{ 


SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion 
its publications. 


THE SILT PROBLEM THE ZUNI RESERVOIR 
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Jarvis. 


the deterring influence that will exerted meritorious irrigation 
projects now under way about undertaken, well the 
discouraging effect the stockholders existing systems pending 
satisfactory solution for each enterprise where the silt problem 
serious menace, the subject dealt with this paper has increased 
immediate importance with the publishing such conclusive data 
are furnished the author. The unfortunate condition that obtains 
concerning the relative aridity and the silt-bearing power the streams, 
the greatest erosion usually taking place during the torrential run-off 
from the barren, parched slopes the time those occasional fitful 
downpours “cloudbursts” indigenous the Southwestern States, 
producing temporary rivers the desert for few hours, serves 
increase the difficulty; for where most important conserve the 
entire flood run-off and maintain the maximum depth storage 
reduce evaporation, the introduction vast quantities sediment not 
only reduces the available storage capacity, but also increases the 
relative loss from evaporation, due the increasing shallowness. 
Factors that will enter into the solution the problem, 
such the relative quantities water stored compared with the 
quantities passing the dam site, the gradient the drainage and irriga- 
tion channels, the character the sediment, the accessibility the 
reservoir site for the delivery construction materials and equipment, 
the limiting heights for the future storage, and the productivity 
the land served with water under the various irrigation systems, will 
vary widely require independent solution for each case. 


Discussion the paper Robinson, Assoc. Am. Soc. E., continued 
from October—November—December, 1919, Proceedings. 


Capt., Engrs., A., Benicia, Cal. 
Received the Secretary, January 23d, 1920. 
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Apparent and Actual Capacities—It well established that the 
actual yield reservoir may greetly excess the apparent 
capacity, due the lateral extension the stored water into the loose 
talus slopes common mountain valleys, some cases the 
lateral infiltration into great depths permeable soil. Inspection 
the recently uncovered slopes receding reservoir will disclose 
numerous seeps and springs yielding the water from the underground 
reservoir, which represents the difference between the apparent and 
actual capacities. The writer has observed that, the case numerous 
glacial moraines the borders mountain lakes being converted into 
reservoirs, the excess storage capacity thus obtained basins ranging 
from few acres more than hundred acres amounted from 
20% the apparent capacity. Also, the apparent capacity river 
valley filled with rock detritus and sediment practically nothing; yet 
the wonderful success submerged dams for the purpose bringing 
the underflow from such river deposits the surface, proves that the 
safest and best reservoir sites, unaffected the usual evaporation 
losses, are the voids sedimentary deposits. Perennial springs 
issuing from nearly horizontally stratified rock, even from talus 
slopes mountain sides, are occasionally successfully retained during 
the non-irrigation period, with resultant increased flow when released. 

While the percentages voids sedimentary deposits may vary 
from 40% for clean gravel and sand 20% for fine silt, and extreme 
cases the range may outside these limits, the actual yield for 
stream flow may amount nearly 40% the case coarse material, 
and practically nothing the ease fine silt. the latter case, 
the main losses moisture are surface evaporation, which ren- 
dered continuous through capillary attraction until all the excess 
free moisture removed from the sediment; while the seepage 

evident that reservoir completely filled with clean coarse 
sand and gravel might retain 40% the original volume 
for effective storage, while the same basin filled with fine silt, with 
coarse sediment mixed with enough fine silt produce the maximum 
density, would retain possibly 15% voids, but might yield less than 
the original volume storage. 

Removal Sediment.—The ordinary methods excavation with 
standard equipment, several reservoir sites where the writer has 
been engaged engineer, have resulted average cost varying 
from $1.00 $0.10 per cubic yard earth large deposits. Using 
the lower unit price, the cost removing acre-ft. sediment, approx- 
imately cu. yd., would $160, which could not justified under 
current irrigation practice. The original cost per acre-foot storage 
capacity successful irrigation projects may run high $50, 
low $2; with the rise values property irrigation districts 
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and with the reduction maintenance expense the canal systems, 
larger annual appropriations may diverted each year for the recovery 
and maintenance storage capacity, but low unit cost for handling 
the material imperative. 

Apparently the only method that may used successfully for this 
purpose some adaptation hydraulic sluicing. The cost pumping 
acre-ft. water against 100-ft. head, with power delivered cent 
per kw.-hr., and efficiency over-all only 50% slightly less than 
for power. the water carries burden fine amount- 
ing 15% weight 10% volume, then the power charge for 
such pumping will amount approximately $20 per acre-foot dry 
sediment. not unusual for the plant and operation charge 
equal the power charge; therefore, under such conditions, the cost 
per acre-foot sediment removed would $40. Fortunately, the 
sediment seldom required elevated much 100 ft.; 
usually sluiced out way the lowest channel, and the percentage 
sediment carried need not limited 10% volume appro- 
priate grades and equipment are used. 

Consider now the type reservoir ordinarily provided the chan- 
nel stream. For this case, assume elongated site with steep 
gradient the channel, high dam, and stream run-off two three 
times the original volume the Proper manipulation the 
outlet gates, which should ample dimensions, together with 
judicious use hydraulic pumps and jets from giants 
mounted barge for use around the edges the reservoir during 
the irrigation season and especially while the surface the water 
receding, reducing the larger deposits silt and maintaining turbid 
outflow, could adjusted keep pace with and correct the silting 
process. The alluvial silt thus distributed upon the irrigated land 
would immense value fertilizer; the canal system would have 
less percolation losses, and there would less likelihood the canal 
breaking than where clear water used. 

Under some conditions the plan suggested Mr. Follett for 
combating the sedimentation menace the Elephant Butte Reservoir 
might advisable. This consisted conduit constructed the 
bed the reservoir and connecting the outlet with the Narrows about 
midway along the axis the basin. This conduit would convey the 
sediment from the up-stream portion the site the outlet without 
allowing deposited within the down-stream portion any 
time. The up-stream area would therefore effective silt pocket 
for the main storage basin, and insure the delivery turbid water for 
irrigation purposes, With such conduit constructed through reser- 
voir site and provided with standpipe connections intervals, the 
practical plan suggested Quinton, Am. Soc. E., Con- 
sulting Engineer for the Zuni Reservoir project, related the 
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the paper, the desilting reservoir site would 
and effectively accomplished, under ordinary conditions. 

The type reservoir that has waste outflow lacks the advantage 
the channel sluicing; but other essentials the problem similar 
that above described. 

The preferable way prevent excessive sedimentation reduce 
erosion; but this method certainly has its limitations. There 
doubt that the habits some streams could modified this par- 
ticular planting suitable trees, willows, shrubs, and other vegetation, 
and protecting the banks against lateral erosion barriers and deflect- 
ing structures wisely placed; and the value the timber thus grown 
the unforested regions would long way toward compensation 
for such improvements. The natural processes erosion, however, 
will continue some extent; and wherever reservoirs occupy the 
stream channel the burden sediment must either diverted, car- 
ried through some natural artificial sluicing, else the reduction 
storage capacity must included the reckoning. 

Conclusions.—The writer cannot concur the view expressed 
Elwood Mead, Am. Soe. E., his this paper, 
the effect that the desert places should have remained barren until some 
feasible plan desilting was worked out. the future the irriga- 
tion projects now most seriously beset with trouble from sediment should 
necessarily include abandonment, then the views clearly expressed 
Mr. Mead would meet with universal approval. Taking into account 
the influence reservoirs upon the habits river, cutting off the 
peaks from floods and distributing some percentage the flow that 
would otherwise wasted lands from which the underflow, when 
definitely established the result irrigation,-will continue steadily 
for months even years, one must conclude that the service from such 
reservoirs establishing underground reservoirs increasing capacity, 
compensates part for the loss capacity due sedimentation. 
important the seepage flow the result irrigation that not 
uncommon for the owners such projects specify the contracts 
sale homeseekers that the resulting seepage water may col- 
lected the distributing company and used integral part 
the water supply for the project. The writer has observed that, where 
water was used copiously upon bench plateau lands, the visible 
return flow became considerable after four five years; and lands 
lower elevation within the same project were being supplied part 
from this source. 

Reservoirs elongated form along the main channel, through 
which large floods may flow freely for considerable periods, and which 
ean filled with the remaining flow after the stream has clarified 
large measure, can regarded permanent and practically con- 
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however, the regular and dependable habits the Nile place this 
reservoir class itself, the miniature reservoir projects that 
resemble the Assuan essential features will require somewhat 
modified treatment, and with varying degrees success. 

The main river channel through elongated reservoir site repre- 
sents greater percentage the original capacity than realized 
first consideration; and there can hardly well-founded claim 
this portion the reservoir will become level mud flat. Some lateral 
erosion will occur naturally the reservoir gates, ample size, may 
kept open for considerable periods, and this result would obtained 
the direct sluicing the natural stream. 

Departure from the simple process direct sluicing through 
reservoir basin immediately involves additional equipment struc- 
tures, such conduits, pipe lines, pumping plants, barges, and 
would necessary make thorough study and skillful designs 
avoid the uncertainties experimentation. But reduced the simple 
requirement that the average silt content the outflow shall equal 
the average burden the inflow, the problem capable satis- 
factory solution all except the extreme cases. The popular notion 
the sediment carried stream often based upon the observa- 
tion the maximum burden. The Rio Grande with average silt 
content 1.66%, and the Gila with average during years 
observation, have receive and carry the occasional contribu- 
tions liquid mud from their tributaries; and without the published 
data obtained reliable observers, certain that much higher 
silt content would these rivers those who had casu- 
ally observed the heavy floods. 

The silt problem along the rivers the Southwest not more 
serious than the drainage problems that arise irrigated 
yet settlers and land owners and engineers cheerfully accept the chal- 
lenge these two lurking enemies the irrigation project. Too often 
the first cost the system far overruns. the estimate that there 
are funds available, during the first years operation, give the 
needed attention these matters; but fully realized that the 
accumulation sediment the one case, the accumulation 
seepage water the lower lands and subsoil the other case, increases 
year year; and perhaps after ten years twenty, longer period, 
when disaster threatening the enterprise, pronounced steps have 
taken correct the trouble and relieve accumulation that should 

have been taken care part the maintenance the project. 

Mr. Robinson and Mr. Mead have rendered distinct service 
the Profession presenting the data and views this important 


stant capacity, irrespective the quantity character the silt, 
has been demonstrated the Assuan Reservoir the Nile. Inasmuch, 
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MEMOIRS DECEASED MEMBERS 


will reproduced the volumes Transactions. Any in- 
formation which will amplify the records here printed, correct any errors, 
should forwarded the Secretary prior the final publication. 


WILLIAM ARCHER, Am. Soc. E.* 


24TH, 1919. 


William Archer was born Penrith, England, June 1844, 
and came the United States with his parents 1850. The Archer 
family settled Cleves, Ohio, the early Fifties, and Mr. Archer 
made the little suburb Cincinnati his home for the remainder 
his life. After securing his elementary education, attended Farmers’ 
College College Hill, Ohio, taking Liberal Arts Course, but spe- 
cializing all the mathematical and scientific courses available. 

After spending four years Assistant Engineer with the “Big 
Four” Railroad, entered the service the West Virginia and Ohio 
Railroad (now part the Baltimore and Ohio) May, 1869; his 
active service with the Baltimore and Ohio Railroad System from that 
date until his death was never severed—a period more than fifty years. 
held positions, successively, Engineer Location and Construc- 
tion; Assistant Engineer; Division Engineer; Principal Assistant Engi- 
neer, Maintenance Way; Assistant Real Estate Agent, and Assistant 
Engineer advisory capacity, which position held the time 
his death. 

Fifty years continuous active service, beginning with the con- 
struction the railroad west the Ohio River, gave Mr. Archer 
almost unparalleled knowledge the Western Lines; wonderful mem- 
ory, together with unusual gift for assembling facts orderly 
and concise manner, enabled him use this knowledge most effectively. 

Assistant Engineer advisory capacity, Mr. Archer’s knowl- 
edge, together with his eagerness assist all who came him, made 
his services invaluable for the securing historical and statistical 
data. 

Mr. Archer was elected Member the American Society Civil 
Engineers March 2d, 1881; was charter member The 
American Railway Engineering Association. 


Memoir prepared from information file the Headquarters the Society. 
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STEPHEN PEARSON BROWN, Am. Soc. E.* 


6TH, 1919. 


Stephen Pearson Brown, the son Stephen and Mary Brown, 
was born Dover, Me., April 29th, 1877. After graduation from the 
School, Lakeville, Conn., 1896, studied short time 
Heidelberg, Germany, and entered the Massachusetts Institute 
Technology, from which was graduated 1900, with the degree 
Bachelor Science. 

Immediately after his graduation Mr. Brown was employed 
making tests oils under mill conditions for the Washing- 
ton Mills, Lawrence, Mass. From 1901 was junior partner 
the firm Collier and Brown, Consulting Engineers, Atlanta, Ga., 
having charge the mechanical and civil engineering work hydro- 
developments, sewerage systems, water-works systems, mine 
developments and factory and electric plant designs. 1904, had 
charge the construction the depot Bridgeport, Conn., under the 
Architect for the New York, New Haven and Hudson River Railroad 
Company, and, 1905, designed reinforced concrete structures for the 
Columbian Fireproofing Company New York City. 

August Ist, 1905, Mr. Brown joined the organization the 
United Engineering and Contracting Company New York City, 
Engineer Construction the St. Mary’s Park Tunnel and the Port 
Morris depression the Port Morris Branch the New York Central 
Railway. This company late 1905 sent Mr. Brown Porto Rico 
investigate and report conditions relating municipal water-works, 
water supply, electric light and power from possible water-power plant, 
and sewerage system, all for the City San Juan, Porto Rico. From 
1906 July, 1908, had charge the work the same company 
the Pennsylvania Railroad Company’s cross-town tunnels, supervising 
all work west Fifth Avenue, New York City. 

The last half 1908 Mr. Brown spent Europe, investigating for- 
eign practice hydraulic and tunnel work. returned the United 
Engineering and Contracting Company January, 1909, Principal 
Assistant Engineer, and also acted Designing Engineer for the Cuban 
Engineering and Contracting Company, New York City, July 
that year, when returned Europe for six months’ study tun- 
neling methods. From 1910 1912, was Chief Engineer for the 
Tidewater Building Company and Bryson the Fourth Avenue 
Subway, New York City. 

From 1912 1917, Mr. Brown served Chief Engineer the 
Mount Royal Tunnel and Terminal Company, Limited, and Managing 


Memoir prepared from information file the Headquarters the Society. 
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Engineer for Mackenzie, Mann and Company, Limited, having charge 
both design and construction the terminal development Mon- 
treal, Que., Canada, for the Canadian Northern Railway. This included 
double-track tunnel more than miles long, elaborate freight and 
passenger terminals and elevated double-track viaduct across the 
lower town from the tunnel the harbor. involved estimated 
expenditure about $15 000 000, and $10 000 000 was actually expended. 

From 1918 June, 1919, Mr. Brown was Vice-President and Gen- 
eral Manager the Ford, Bacon and Davis Corporation, Engineers, 
and was active the Construction Department the International 
Coal Products Corporation Government carbo-coal and by-product 
plant. 

Brown was member the following engineering societies: 
Society Mechanical Engineers, American Railway Engi- 
neering Association, Engineering Institute Canada, Institution 
Civil Engineers (Great Britain). was also member The Engi- 
neers Club, and The University Club, both New York City. 

Mr. Brown met his death Sebec Lake, Maine, when broke 
through the ice which was crossing his summer home near 
Greeley’s Landing. directed his son, whom had been hauling 
moose-sled, run the shore and down the houses the landing 
give the alarm. The child did and found two women, but before 
they could reach him, Mr. Brown had become exhausted and had sunk 
beneath the ice. soon word reached the village party went 
the landing and the body was recovered that night. 

survived his wife, who was Miss Edith Luce, 
Mass., and two sons, his mother, and two sisters, Mrs. Arnold Nor- 
cross, New Haven, Conn., and Mrs. Clarence Dore, Melrose, 
Mass. 

Mr. Brown was elected Associate Member the American Society 
Civil Engineers October 5th, 1904, and Member November 
1st, 1910. 


PAUL SOURIN KING, Am. Soe. E.* 


Diep 30TH, 1919. 


Paul Sourin King was born Philadelphia, Pa., March 16th, 
1845. Until was fourteen years old, was seriously hampered 
the fact that was crippled both legs. boy attended the 
public schools and, later, went small college Westmoreland 
County, near Greensburg, Pa., but was largely self-educated. 


Memoir prepared from information furnished Henry King, Esq.. and 
file the Headquarters the Society. 
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the age seventeen, Mr. King was employed Herman Fisher, 
Mining Engineer, Ashland, Schuykill County, Pa., with whom 
stayed about one year. 1865, was engaged Rodman with 
the Locating Corps the Mahonoy and Broad Mountain Division 
the Philadelphia and Reading Railroad, under Charles Byers, Chief 
Engineer, principally work connected with the Port Clinton, Ham- 
burg, and Kutztown Branch, and other branches the road, until 1870. 

From 1871 1875, Mr. King served Chief Engineer the 
Roanoke Valley Railroad Company, the construction miles 
that line Virginia, his headquarters during this time being 
Richmond, Va. 

1875 and 1876, was engaged Engineer charge the 
Virginia and Gold Hill Water-Works Extension, the location and 
construction tunnel through the Sierra Nevada Mountains, well 
pipe line, dams, the State Nevada, and from 1877 1879, 
was employed Chief Engineer the Union Island Reclamation 
Company the location and construction miles levee work, 
piling, damming sloughs, California. 

1880, Mr. King went Mexico Assistant Engineer the 
location the Mountain Division the Mexican National Railroad, 
and remained there until 1881. his return the United States, 
was engaged with Messrs. Oliver Barnes and Charles McFadden, who, 
that time, were grading about miles road Elk, McClain and 
Clearfield Counties Pennsylvania. was also employed Divi- 
sion Engineer the Pittsburgh, Youngstown, and Chicago Railroad, 
the location the Ohio River Bridge crossing, etc., Pennsylvania. 

About this time the construction the South Pennsylvania Rail- 
road, from Harrisburg Pittsburgh, was under way, and Mr. King 
was appointed Division Engineer the location the road through 
the Blue Mountain Section Pennsylvania. 

Mr. Robert Sears, Chief Engineer the Lehigh Valley Railroad, 
recommended Mr. King the President the Bethlehem Coal and 
Iron Company, and, 1883, was sent the latter Company 
Cuba Chief Engineer the Juragua Iron Company, Limited, Rail- 
road, the location and reconstruction miles difficult moun- 
tain road, well bridges and pier, for loading iron ore the harbor 
Santiago, Cuba. 

his return from Cuba 1885, Mr. King was engaged the 
Lehigh Valley Railroad Company build branch that road between 
Buffalo and Geneva, Y., which work was Chief Engineer. 

the completion this work, established office for the 
private practice engineering Consulting Engineer New York 
City, which maintained for more than years. During this period, 
went South America with the editor News and, 


addition, traveled extensively, attending practically all the Worlds’ 
Fairs. 
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Although, has been stated, Mr. King was the early 


years his life, had recovered entirely from this condition; fact, 
frequently stated that could outwalk any man his party. 
had never married. 


Mr. King was elected Member the American Society Civil 


EDGAR MARBURG, Am. Soe. E.* 
Diep June 1918. 


was born March 4th, 1864, Hamburg, Ger- 
many, where his father had sent his family from New Orleans during 
the Civil War. His father, Herman Edward Marburg, was man 
artistic tastes and lover arts, who had planned devote himself 
languages but who finally engaged business and succeeded well 
that became wholesale merchant. came America 1847, 
representing Hamburg firm, and became naturalized citizen 1853. 
His mother, Clara Juergesen Marburg, was also native Germany, 
Edgar Marburg was third family four sons and two daughters, 
all both parents—have survived him. 

early life, Dr. Marburg showed those characteristics independ- 
ence thought and action his later life. related 
that the age five years, series questions which asked his 
mother and reasoning the matter out entirely himself, learned 
tell the time. 

attended private schools New Orleans and later Shreve- 
port, La., and from the beginning showed much aptitude for study, 
for mathematics. His teacher Shreveport, Capt. George 
Thacher, soon recognized his mathematical ability and placed him 
class himself that subject, with lesson assignments. 
Young Marburg would simply report from time time how far 
had progressed his study. His family have to-day book which 
kept, neat, orderly arrangement, solutions 
from simple ones arithmetic those analytic mechanics and 
made rule never ask accept help any prob- 
lem, and this self-reliant attitude was evident throughout his life 
everything undertook. 

the age fifteen gave school and announced his intention 
college. was necessary for him largely work his way 
through, and accordingly worked for the next three years ‘large 
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wholesale grocery store Shreveport. studied nights prepare 
enter the sophomore class college. Upon the advice Capt. 
Thacher, and because his predilection for mathematics, decided 
study Engineering and finally entered Rensselaer Polytechnic Insti- 
tute 1882 sophomore, the age eighteen. The promise 
his early youth was fulfilled his college life, and graduated with 
the degree Civil Engineer 1885. 

his college days the following letters bear testimony his activi- 
ties and character that time. Mr. Enrique Touceda, Am. Soc. 
E., writes follows: 


“While was always intensely interested Institute happenings 
and was always popular with the student body, and particularly with 
his classmates, was modest and more less retiring, having little 
with Institute politics. Without being what known ‘grind,’ 
his first thought was make good his studies and then devote 
much time possible the enjoyment general college life. During 
this period little any attention was paid any the students 
athletic sports, first due lack time, and second the fact that the 
Institute possessed athletic field. 

“Marburg youth was appreciated his associates one 
sterling worth, very interesting and very companionable. was intel- 
lectually vigorous and quick judgment; always dependable and ready 
render friendly service the instant.” 


Dr. Palmer Ricketts, Am. Soc. E., President the Insti- 
tute, writes: 


“Marburg, course, was very excellent student while here. 
was graduated with the degree Civil Engineer the Class 1885. 
was member the Rensselaer Society Engineers when stu- 
dent and was the first editor the Institute Quarterly, paper which 
had brief existence. all liked him when was stu- 
dent here and after was graduated. was very able man, man 
fine integrity and fine disposition.” 


had definitely decided this time specialize structural 
engineering and aimed obtain varied experience possible. 
Consequently adopted the plan going from one bridge struc- 
tural company another, studying each one until had the experi- 
ence desired. These changes were times made loss salary, 
but this feature never swerved him from his determination. his 
later associations with young graduates, Dr. Marburg always endeavored 
impress them the importance gaining experience their pro- 
fession and cautioned them against making increase salary their 
sole consideration changing positions. 

1885 entered the employ the Keystone Bridge Co. 
Pittsburgh, Pa., and remained there until about 1887. Mr. Edwin 
Thacher, Am. Soc. E., who was then Chief Engineer, writes 
follows regarding this engagement: 
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was Chief Engineer the Keystone Bridge Co. Pitts- 
burgh 1885 when Mr. Marburg graduated from the Rensselaer Poly- 
technic Institute Troy. had applied for position month 
more previously and told him come was willing start 
salary $50 per month, which was paid all beginners. came 
the appointed time, and set him work the design plate 
girder bridges, which soon became expert. was kept this 
line work for nearly year, much longer than should have been 
for his own good, for believe the practice all large bridge 
drafting rooms keep man the class work that most 
expert in; but finally Mr. Marburg before left did get considerable 
experience the design pin connected bridges and buildings. 

was very favorably impressed with Mr. Marburg from the first 
day saw him. His appearance and bearing were such satisfy 
that was young man superior ability, and all the men the 
drafting room was favorite. had bad habits and was 
conscientious worker.” 


From 1887 about 1889 was the employ the Phoenix 
Bridge Co. Phoenixville, Pa., employed almost entirely the com- 
puting department that company. From 1889 1900 was with 
the Edgemoor Iron Co., Wilmington, Del., the designing and 
estimating department under Bryan, Am. Soc. E., now 
Chief Engineer the American Bridge Company. 

1891 returned his home Shreveport and was that 
time that met and became engaged his future wife, Miss Fanny 
Dulany Moncure. 1891 and 1892 was the employ the Car- 
negie Steel Co. (Keystone Bridge Co.) Chicago, under Mr. 
Charles Strobel, Am. Soc. E., who writes follows his 
work that time: 

“Mr. Marburg was employed the Keystone Bridge Co. (one 
the Carnegie firms), Chicago office, 1891-92, which office was 
charge. was the time Consulting Engineer the Keystone Bridge 
Company and Carnegie, Phipps and Co., Limited. Dr. Marburg was 
engaged upon the work preparing shop and mill plans for the struc- 
tural iron work required for the large fireproof Auditorium Building, 
Chicago. This was unusually complicated work, the building was 
designed serve several purposes—part concert, opera and con- 
vention hall, another part office building and third part 
hotel. was necessary the work under great pressure 
time, order permit the use the large hall for the meeting the 
National Republican Convention the fall 1892. Dr. Marburg was 
earlier employed connection with revised edition the Carnegie, 
Phipps and Co. Handbook, then preparation. 

Marburg’s splendid qualities conscientiousness, thorough- 
ness, faithfulness and competency were evidence, they have 
conspicuously been his later life.” 


1892 number engineers recommended him Dr. Charles 
Custis Harrison, then Provost the University Pennsylvania, for the 
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position Professor Civil Engineering that institution. was 
elected Acting Professor Civil Engineering and year later became 
full Professor, position which held until his death. 

Possibly one better qualified speak his qualities 
teacher than William Easby, Jr., Am. Soc. E., who was associated 
with him for many years the University Pennsylvania. 


have left stronger impress their personality 
work than has Edgar Marburg, for twenty-six years Professor-in-charge 
the Department Civil Engineering. Throughout this long period, 
covering years devoted service, gave unstintingly the best that 
was him toward the upbuilding the department wisely entrusted 
his charge. That was successful well known and strikingly 
apparent any who can compare the curriculum and facilities for 
instruction quarter century ago with those the present. 

“Dr. Marburg’s influence engineering was far-reaching and salu- 
tary. was strongly felt his work teacher, writer and executive 
throughout wide and important circle professional friends and 
acquaintances. may truly said that supplied himself, 
through his broad contact with Engineering, bond between his stu- 
dents and the professional life which they sought enter. Though not 
himself practicing engineer, showed his instruction the fullest 
the value practical illustration and acquaintance 
with business procedure. Through patient and sound advice endeav- 
ored all times instil into the minds and hearts his students 
high regard for the dignity and worth their chosen profession. The 
high standard professional ethics which set for them was but the 
expression principles which consistently observed throughout his 
professional life. 

“Dr. Marburg fully recognized and accepted the opportunities and 
obligations his position teacher great-institution learning. 
With him teaching was not principally occupation with livelihood 
its object, but profession the highest order which knew 
far-reaching its influence the economic and social fabric the 
country, worthy that patient and devoted effort which always 
bestowed upon it. His success teacher unquestioned, and fol- 
lowed naturally from the possession those qualities which secure the 
respect, confidence and interest students. had unusual 
extent the faculty divesting subject difficulties exposing, 
through familiar and often homely illustrations, the fundamental 
thought involved and arranging related matters with due regard 
their importance. never lagged, were never tedious 
unprofitable under the vitalizing influence his strong nature. 
felt the intellectual pulse his classes and was quick detect lack 
comprehension. was never too extend instruction 
beyond the class-room the earnest student need assistance. 

strict disciplinarian all things essential, Professor Marburg 
still had the good will not the affection his students, based his 
absolute fairness and justice and the evident desire apply the 
pénalty for misdoing more corrective deterrent than pun- 
ishment. Sinee his death not few letters have been received from his 
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former students attributing much their success his instruction and 
influence man and expressing heartfelt that they had post- 
the acknowledgment their debt him person until too late.” 


The following copy the resolutions the Faculty the 
‘Towne Scientific School the University Pennsylvania upon his 


“Professor Civil Engineering, 1892-1918. 
“Deceased June 27th, 1918. 


“Moved profound sense loss, this Faculty deems privi- 
lege here record its estimate the character and attainments 
colleague, who, although removed death, has left abiding influence 
for good through the vitality and idealism his life work. 

“The career Edgar Marburg, shortened its very excess self- 
giving, nevertheless had long yielded him distinguished position 
among engineers and educators. This was due exceptional force 
character and intellectual endowment which, both preparatory train- 
ing and professional and teaching everything did 
high plane. His work was marked clarity and readiness 
insight, grasp essentials and thoroughness method, and was 
inspired high principles and rugged honesty view and purpose. 

“Efficiency high order, addressed essentials, through 
more than thirty years incessant activity, has made the life work 
Edgar Marburg contribution positive constructive value the 
welfare the community. two channels particularly has this been 
demonstrated; the more widely known that the American Society for 
Testing Materials, whose great service the Engineering and indus- 
trial worlds due, more than any other single influence, his 
labors. The other channel, invisible but potent, that the careers 
many students who have passed under his influence, carrying away 
fundamental their action his ideals professional conduct. 

“Tt has been well said him that had constant desire know 
the truth and guided it; possibly this best explains his life and 
the reason why we, his colleagues, are moved add this summary 
his achievements expression profound respect for his character 
and affectionate regard for the underlying warmth and kindliness 
his nature. 

the family Professor Marburg offer our sincere sympathy 
their bereavement, and while knowing that mere words can 
lessen its magnitude, yet venture hope that consolation may 
found the knowledge that his life, although prematurely ended, has 
been rich usefulness not measured length days. 

“Resolved: That the foregoing adopted the sense this 
Faculty, and spread upon the minutes, and that copies addressed 
the family Professor Marburg and the professional organizations 
which was member.” 


1906 new building the University Pennsylvania was dedi- 
for the use the Departments Civil, Mechanical and Elec- 
trical Engineering, embodying that time all the latest approved 
facilities and apparatus required technical schools the highest 
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grade. The planning and detail designing this building was en- 
trusted Dr. Henry Spangler, that time Professor Mechanical 
and Electrical Engineering, and Dr. Marburg, who were given carte 
blanche the Trustees. The product their joint work will always 
monument each. the time the dedication the building 
Honorary Degrees Doctor Science were conferred upon Profes- 
sors Marburg and Spangler. 

Almost immediately after settling Philadelphia, Dr. Marburg 
became connected with the Engineers’ Club Philadelphia and was its 
President 1900. His work this connection well set forth 
George Webster, Am. Soc. E., follows: 


“Tn the death Edgar Marburg, the Engineers’ Club Philadel- 
phia lost one its most valued members; one who always took 
active interest its welfare. 

“He was elected member the Club October 21st, and was 
chosen one the Directors 1895 and 1896; and ably served 
President during the year 1900. was Chairman the Committee 
Public Relations 1912, and from March 21st, 1908 until the time 
his death was one the Trustees the Bond Redemption Fund. 

“Dr. Marburg was deeply interested the several movements 
the Club enlarge its sphere usefulness, increase its membership 
and bring into closer with other technical societies; and 
contributed small measure the accomplishment the 
splendid results which followed these efforts. 

purpose and high ideals were among his characteris- 
impelling him urge the most exalted standards ethics for the 
Engineering Profession, and recommend duty more active 
participation Engineers public affairs, order that they might 
render greater service the community. 

“He was man strong convictions, and while energetically 
presenting his views, was very considerate the views others, and 
heartily united with them doing that which seemed best for 
the interest all. 

took leading part making constructive suggestions the 
hearings held October, 1914, before the Engineers’ Commission, 
appointed the Governor the State Pennsylvania investigate 
and report upon the advisability licensing engineers. The clear 
and logical way which arguments were presented him these 
hearings exerted large influence upon the Commission reaching 
its decision not recommend the enactment License Law that 
time. 

“Dr. Marburg was man scholarly attainments, and made 
numerous valuable and interesting contributions technical literature. 
possessed characteristics which made him distinctive among his 
associates and marked him forceful man with original and striking 
ideas and quick put them into effect. fact, was his unbounded 
energy coupled with the deep knowledge the subjects took hold 
of—and his resourcefulness solving the problems which arose there- 
with—which made him distinguished and representative member 
his profession. 
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“His sterling qualities and unquestioned honesty purpose gained 
for him the respect and admiration all his associates, and his death 
mourned great personal and professional loss not only the 
members the Engineers’ Club Philadelphia but all who had the 
privilege his acquaintance.” 


meeting the Board Directors the Engineers’ Club held 
July 8th, 1918, the following resolution was adopted: 


“The Engineers’ Club Philadelphia learns with sorrow 
the death, June 27th, 1918, its beloved fellow-member and 
Past-President, Edgar Marburg. The Engineers’ Club has, the 
death Edgar Marburg, lost one its most valued members, 
loyal service has left deep impression the history and development 
the Club, whose scholarship has earned for him international 
reputation and whose personal influence has helped the members 
their work and professional advancement. 

“The Engineers’ Club extends his family its warmest sympathy 
their bereavement and sorrow; and acknowledgment his 
loyalty, brilliant leadership, kindly sympathy, ready helpfulness and 
professional ability, directed that this resolution condolence and 
regret published the Journal the Engineers’ Club, together 
with sketch his life.” 


Possibly the greatest work which was ever engaged was his 
connection with the American Society for Testing Materials. 1898 
joined the American Section the International Association for 
Testing Materials and helped organize the American Section that 
Association. 1902, when became evident that real leader would 
have found vitalize the Society, the American Section turned 
him. concise statement this part his work given the 
following minute his death which was passed the October meeting 
the Committee the Society, 1918: 


“In the death Edgar Marburg, which occurred June 27th, 
1918, the American Society for Testing Materials has suffered the 
irreparable loss one its most eminent and distinguished members; 
its executive officer since its incorporation; leader engineering 
thought and education and the field testing materials. 

“He was one small group which, 1898, organized the Ameri- 
Section the International Association for Testing Materials. 
1902 was appointed acting secretary the Section. once 
prepared for the Executive Committee clear, comprehensive statement 
the purposes testing society, conceived them, which led 
the incorporation the Society independent body. was 
elected Secretary and Treasurer the new society, and him was 
entrusted the executive direction its affairs. From then till his 
death, period sixteen years, worked assiduously for the success 
and advancement the Society. devoted much time and thought 
the work its technical committees and the standardization 
specifications and methods tests the materials engineering, and 
shaped the policy under which these essential activities the 
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Society are conducted. The marked success which has attended the 
work and growth the Society, and the interest its 
annual meetings, have been due large part his tireless and 
painstaking efforts. his labors brought great executive and 
organizing ability, excellent judgment, clear grasp the many and 
varied problems which confronted him, sympathetic understanding 
humanity, tremendous enthusiasm and zeal, and thoroughness 
everything undertook. His high ideals were reflected every word 
and act. was ever zealous the good name the Society and 
sought throughout his leadership extend its usefulness every 
proper field. 

“To the officers and members the Executive Committee, who 
were privileged work intimately with him, his death brings deep 
sense personal loss and grief. His high integrity, his rugged 
honesty, his open-mindedness, and his evident sincerity 
endeared him his associates, and commanded their admiration, 
respect and devotion. 

“The character and personality Edgar Marburg have indelibly 
themselves upon the American Society for Testing Materials 
—an inspiration the Society for all time.” 


Past-President Stevenson the American Society for Testing 
Materials has kindly prepared the following statement which shows 
many the characteristics the man: 


“No doubt the members large the American Society for Testing 
Materials appreciate, certain measure, how much Dr. Marburg’s 
connection with the Society had with its success. Those 
who officers the Society and members the Executive Committee 
during Dr. Marburg’s tenure office, had the privilege working with 
him, can alone have full realization the extent which his 
character man, with his ideas and ideals, independent his work, 
had with the growth the Society influence and numbers. 

“Any one working with the Doctor could not but have the greatest 
admiration for him. While times one might have differed with him, 
there was never question his motives, thought that was 
prompted any other motive than what, his mind, was best for the 
Society. Dr. Marburg had all times the interest the Society 
heart, and one could have been more jealous its good name. 
would make any sacrifice and any length working advance 
its interest. His very enthusiasm and devotion led overwork, and 
have doubt that this, connection with his work the University, 
was largely one the causes that led his untimely death the 
prime life. With all, one could not but impressed the 
modesty the man. was most bitterly opposed anything that 
might seem like self aggrandizement. was the Society thought 
of, and not himself. His desire was see results; his greatest satis- 
faction work accomplished. 

“As officer and member the Executive Committee worked 
with Dr. Marburg seven years; saw great deal him, and had many 
conferences concerning the work and the future the Society. The 
official relationship developed into warm personal friendship that is, 
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and always will be, one most cherished memories. His ‘Old man, 
how are over the telephone when met, sadly missed. 

“To the most outstanding trait Dr. Marburg’s character was 
his sterling honesty. was honest his ideals, his work, and 
his life. What more fitting tribute could paid man?” 


the Annual Meeting the American Society for Testing 
Materials, held Atlantic City June, 1919, special Session was 
held his honor and addresses were made follows: 


Contributions Engineering........... Mr. John Goodell 
His Early Activities the Society..... Mr. Robert Lesley 
His More Recent Service the Talbot 


The addresses full can found the Proceedings the 
American Society for Testing Materials for 1919. 

1919 the American Society for Testing Materials established 
Edgar Marburg Memorial Scholarship the University Pennsyl- 
vania, awarded the University student the Department 
Civil Engineering. The fund for this scholarship ($5000) was 
raised subscription from the members the Society. 


With reference the above Engineering News-Record commented 
editorially follows: 


“No more appropriate form memorial the memory Edgar 
Marburg than the proposed permanent scholarship his own institu- 
tion, the University Pennsylvania, which gave practically the 
whole his working life, could conceived. The plan which the 
American Society for Testing Materials collecting the fund for 
memorial scholarship, worthy the highest commendation. This 
form recognition would appeal Dr. Marburg himself, because his 
whole heart went out the true teaching instinct develop young 
engineers into men worthy the great profession which gave 
his life. hoped that the future students who will benefit 
this scholarship may fully appreciate the honor and repay hundred 
fold their later contributions engineering progress. unfor- 
tunate that only members the have been asked 
There doubt whatever that thousands other 
engineers the country over would glad add their tribute man 
who had been their inspiration and guide either the days their 
early training their engineering experience.” 


acted Consulting Engineer various times, notably the 
preparation the design for the Rock Creek bridge the line 
Massachusetts Avenue, Washington, under commission for the 

1904 was elected Lecturer Structural Engineering the 
Franklin Institute, and was Past-Chairman its Committee 
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Science and the Arts. was also Secretary the American Society 
for the Promotion Engineering Education, and Past-President 
the honorary society, Sigma Xi. 

addition number papers for the American Society for 
Testing Materials, his best known contribution engineering literature 
his work “Framed Structures and Girders—Theory and Prac- 
tice. Volume 1”. This was the first unfinished series three 
volumes covering the field structural steel design and erection. 

1896 presented paper before the Engineers’ Club Phila- 
delphia, “Cantilever Bridges”. This notable paper was used his 
classes from the time its presentation. 

also contributed papers the American Society for the Pro- 
motion Engineering Education. 1914 was honored Franklin 
and Marshall College with the degree Doctor Laws and Letters. 

was married Miss Fannie Dulany Moncure Shreveport, La., 
Shreveport, August 14th, 1893. Mrs. Marburg and their four 
children, Edgar, Mrs. Samuel Ziegler, Clara and Anita survive him. 

was elected Member the American Society Civil Engi- 
neers October 6th, 1897. 


CARL UHLIG, Am. E.* 


Diep May 1919. 


Carl Uhlig was born Chemnitz, Saxony, December 1846. 
was educated Saxon schools and was graduated from the Poly- 

came the United States 1868 and shortly afterward entered 
the service the United States Coast and Survey Aid, 
having been engaged work various points the coast 
California, principally San Pedro and Crescent City. 

1876, Mr. Uhlig entered the employ the Board State Harbor 
Commissioners San Chief Draftsman, being later 
appointed Assistant Engineer, and remained that position continu- 
ously for years, until his death. During that time was connected 
with the design the numerous bulkhead wharves, piers, ferry slips, sea 
walls and other water-front structures built the Board, and accu- 
mulated fund information bearing the hydrographic and 
conditions the San Francisco frontage that was par- 
ticularly valuable and made him authority this subject, con- 
sulted all who contemplated any engineering work that vicinity. 

Memoir prepared the following Committee the San Francisco Associa- 


tion Members the American Society Civil Engineers: Frank White, 
Howard Holmes, and Jerome Newman, Members, Am. Soc. 
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Mr. Uhlig was man high character, scrupulous integrity, and 
amiable personal qualities. had wide circle friends all walks 
life and was regarded with feelings esteem and affection all who 
enjoyed the privilege his friendship. The best tribute his ability 
engineer the fact his having been retained his position 
his employers, the Board State Harbor Commissioners, during the 
political vicissitudes over years; though the personnel the 
Board was changed repeatedly, his thorough knowledge conditions 
was considered invaluable and attempt was made replace him. 

Mr. Uhlig never married, and survived two sisters. had 
been failing health for some years, and his death from heart disease 
May 4th, 1919, was not entirely unexpected. 

Mr. Uhlig was elected Member the American Civil 
Engineers October 7th, 1903. 


BERNT BERGER, Assoc. Am. E.* 


January 16TH, 1919. 


Bernt Berger was born Drammen, Norway, July 12th, 1866. 
was graduated from the High School there 1881, and from 
the Mechanical Engineering Branch the Technical Institute 
Trondhjem, Norway, 1885. 

After one year’s employment the City Engineer’s Office Dram- 
men, Mr. Berger came New York City, arriving September 14th, 
1886, and almost immediately entered the employment the late 
Theodore Cooper, Am: Soc. E., Consulting Bridge Engineer, with 
whom remained until the latter retired from business 1908, when 
Mr. Berger succeeded his very important consulting practice, 
addition what had individually developed along similar lines. 

Mr. Berger’s great accuracy and careful methods investigation and 
sound treatment technical subjects won for him the complete con- 
fidence Mr. Cooper and his clients, and developed great capacity 
for handling successfully difficult structural problems and had respons- 
ible charge many reports, investigations, and designs. specialized 
largely important and long-span steel bridges, general steel construc- 
tion, masonry and concrete arch spans, reinforced concrete con- 
struction, and substructure work. 

Among the important structures with which Mr. Berger was 
connected may mentioned the Quebec Bridge, the New York Public 
Library Building, the New York City Elevated Railroad structures, and 


Memoir prepared Frank Skinner, Am. Soc. 
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important bridges for many railroad companies, including some 
South America and Japan. also specialized examinations and 
recommendations for the safety existing structures and for difficult 
repair and reconstruction work that was great value the engineers, 
contractors, and architects who were his clients. was associated 
with much the recent New York City subway construction, having 
been retained supervise the steelwork several important sections, 

Few his clients failed re-engage him whenever they had sub- 
sequent work his field. was employed frequently the New 
York Edison Company and the Edison Electric Company, 
Brooklyn, The Dayton Light and Power Co., The Utica Gas and 
Electric Co., The Underpinning and Foundation Company, The 
Realty and Improvement Company, The Cranford Company, Brook- 
lyn, Holbrook, Cabot and Rollins, The Pennsylvania Shipbuilding 
Company, The New York Tunnel Company, and many other companies 
and individuals were included among his clients. 

Mr. Berger was Past-President the Brooklyn Engineers’ Club, 
member the Engineers’ Club New York, the American Society for 
Testing Materials, and the American Concrete Institute. was 
also the Permanent Chairman the Trondhjem Technical Club and 
member the Crescent Athletic Club, Brooklyn, and, for many 
years, one the Board Managers and Treasurer the Norwegian 
Lutheran Deaconesses Home and Hospital, Trustee the Norwegian 
Sailors’ Church, Director the Norwegian Society, and Secretary 
the Hospital Saturday and Sunday Association, all Brooklyn, 

Mr. Berger was fond outdoor life and sports, including golf, 
sailing, bicycling, and skeeing. Although studious disposition, 
with cultivated literary taste, found time for much social relaxation 
with large circle warm friends who claimed all his leisure moments. 
was especially devoted the interests all his fellow engineers and 
never failed lend kindly hand and have encouraging word for 
the younger members the Profession, many whom established 
positions among his numerous friends and clients. His purse was 
always open the necessities struggling young engineers students, 
and befriended many them, especially those who had arrived from 
abroad with only few friends and experience this country. 
Mr. Berger lived Brooklyn for twenty-five years; was never 
married, and survived one brother New York City and two 
brothers Norway. 

his death January 16th, 1919, the Society has been deprived 
able, vigorous member, always ready devote his utmost efforts 
and zeal for its benefit; the Profession Civil Engineering has lost 
scholar, designer, and constructor; his clients have been deprived 
notable skill and practical ability and unusually reliable services that 
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were always rendered with the utmost care and thoroughness every 
while his numerous friends can never forget the genial com- 
radeship and hearty affection that endeared him beyond the ordinary 
all with whom came close and sympathetic touch. 

Mr. Berger was elected Associate Member the American Society 
Civil Engineers April 5th, 1893. 


WILLIAM BLAIR BOVYER, Assoc. Am. Soe. E.* 


William Blair Bovyer, the son Edward Bovyer and Anna 
(Kearse) Bovyer, was born San Francisco, Cal., March 16th, 
1887. received his elementary education the schools 
San and attended the Mission High School that city, from 
which was graduated 1905 and entered the University California 
with the intention studying law. Mr. Bovyer soon found, however, 
that engineering had stronger appeal for him. left the study law 
and began course Civil Engineering from which was graduated 
1910 with the degree 

For the first two years following his graduation, Mr. Bovyer worked 
for the Pacific Rolling Mill Company, Dyer Brothers Iron 
Works, the United Railroads San Francisco, Selby Smelting Oo., and 
Maurice Couchet, Am. Consulting Engineer. 

1912, became connected with the City Engineer’s Office 
San Francisco, where attained the grade Assistant Engineer. 
worked most the city’s important engineering works that 
period and made many the drawings and designs the tunnels, 
sewer systems, water-works, and other structures constructed the city. 

1917, Mr. Bovyer was granted leave absence from the City 
Engineer’s office and became connected with the work the Board 
State Harbor Commissioners San Francisco, where was employed 
until his death. During this time was engaged the design all 
classes water-front structures such piers, wharves, buildings, etc. 

Mr. Bovyer was man who always put his best efforts into his 
work, and the record which made proves that made mistake 
his choice profession. was man pleasing personality and 
all his personal and professional relations his outstanding char- 
acteristics were kindness and complete sincerity and frankness. His 
Memoir prepared the following Committee the San Francisco Associa- 


tion Members the American Society Civil Engineers: Frank White, 
Am. Soc. E., and Leon Nishkian, Assoc. Am, Soc. 


+ 
ig? 


370 MEMOIR ROBERT EDWARD DAKIN 


joyous outlook life and its many problems always acted 
inspiration and tonic all who came contact with him. His genial 
nature will long remembered his friends. 

August, 1915, Mr. Bovyer was married Miss Cora Niedor, who, 
with two daughters, Ruth, age four, and Patricia, age one, survive him, 

Mr. Bovyer was elected Junior the American Society Civil 
Engineers October 1913, and Associate Member Septem- 
ber 12th, 1916. 


Diep 15TH, 1918. 


Robert Edward Dakin was born Gaylordsville, Conn., July 2d, 
1888. was graduated from the New Milford High School 
1906, and three years later received the degree Bachelor Science 
(Civil Engineer) from the Sheffield Scientific School Yale University. 
the fall 1909, following his graduation from Yale, Mr. Dakin 
entered the service the New York, New Haven, and Hartford Rail- 
road, charge electric railway construction. 

Mr. Charles Mellen, then President the New Haven Railroad, 
endeavor carry out his great plan unified transportation 
system for New England, had acquired for feeders the steam and 
water lines extensive system trolleys, and, until April, 1917, Mr. 
Dakin was engaged the reconstruction many these properties, 
the construction extensions and connecting links, and, the latter 
half the period, the preparation maps, land records, mileage and 
tax reports, appraisals, and other forms data, for submission the 
various commissions having jurisdiction interest various features 
the property. 

detail may mentioned surveys and estimates for the construc- 
tion about miles new trolley line and for the relocation 
several smaller sections; the surveys and estimates for 8-mile, wood 
pole, transmission line and for 11-mile, steel tower line, including 
the construction the former; the construction Derby 
and New Haven; freight-houses Ansonia, Naugatuck, New Haven, 
and Waterbury; the enlargement the Bridgeport steam station; the 
improvements and additions the Bulls Bridge plant, 
the latter work, although not great magnitude, called for high 
degree ability and ingenuity, the new penstock and stand-pipe 
with the pier the tail-race, and the new head and fore- 
bay gates, had installed with practically interference with 
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the operation the plant, the operating head 108 ft. making the 
tail-race work which came just the ends the draft tubes, par- 
ticularly the construction highway bridge over 
the penstocks and the widening the canal for several hundred feet, 
also had their difficulties, but less degree. Mr. Dakin’s office 
work may mentioned the design and estimates for 40-ft. 
head, hydro-electric plant, and appraisals the power plants, car- 
houses, and other buildings and structures the trolley line between 
New London and the Massachusetts State Line, the entire property 
the Westport Water Company, and many smaller groups 
trolley properties The Connecticut Company. 

filling positions steadily increasing responsibility, 
Mr. Dakin’s work came the attention the interests which had just 
purchased the Housatonic Power Company for the New York, New 
Haven, and Hartford Railroad, and, April, 1917, went with 
them, successfully handling the purchase much right way and 
the adjustment changes highways and bridges, necessary for the 
construction 75-ft. head, 000-kw. capacity, plant 
the River, Stevensoh, Conn. Later, when construc- 
tion started, Mr. Dakin was transferred the Crisfield 
Contracting Company, and, Assistant Engineer, had charge all 
surveys, maps, and highway changes, the latter involving number 
country roads and some State highways. connection with the latter, 
Mr. Dakin constructed over the Pomperaug River reinforced con- 
crete cantilever bridge arch form, with central span ft., and 
semi-arches ft. long either side, the design being the joint work 
Mr. Dakin and Saunders, Deputy State Highway Commissioner 
Connecticut. The pool, miles length, fills narrow valley with 
steep hills and deep intersecting ravines each side, making surveys 
difficult and the determination the economic relocation the dis- 
turbed highways problem calling for engineering. ability high 
order, while the natural difficulties the field work were greatly 
increased the fact that most had done during the severe 
winter 1917-18. 

Mr. Dakin was completing this work, and had organized the forces 
and was directing the surveys other power and storage projects, 
when, after very brief illness, died Danbury, Conn., December 
15th, 1918, victim the influenza epidemic that winter. 
September 13th, 1913, was married Marion Evans, Gaylords- 
ville, Conn., who, with son, Theodore, born November 11th, 1916, 
survives him. Another son, Edward, born January 28th, 1918, and 
Mrs. Dakin’s mother died within few hours Mr. Dakin. 

Dakin, was best known his friends, was man 
engaging personality, combining rare degree technical ability, 
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executive capacity, and “sunshiny” disposition next impossible 
Although cut down little more than the beginning career 
great promise, small monument good work well done, 
and the hearts his friends undying memory. 

Mr. Dakin was elected Junior the American Society Civil 
Engineers December 2d, 1914, and Associate Member January 
15th, 1917. 
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ARCHED DAMS.* 


solution the problem arch dam analysis offered which, 
although not free from objection, avoids the obvious defects the 
ordinary cylinder theory. These defects are, that, the latter theory, 
the arch thrust maximum the base the dam where, 
matter fact,At must vanish and that vanishes the crest where, 
any ordinary case, the deflection greatest and consequence 
the stress due the arch thrust must maximum. Two cases are 
dealt with: (1) complete cylindrical dam tank uniform thick- 
ness throughout; (2) complete cylindrical dam tank uni- 
formly varying thickness from crest base. The mathematical 
investigation these cases given Appendix Case found 

shown Appendix that, provided neglect the twist 
the material arising from the base being fixed while the cylinder 
deformed the water pressure, can use the solutions obtained 
for the complete cylinder, approximation the solution for 
the part dam built valley any form provided that 
replace the ordinary Young’s Modulus for the horizontal thrusts 


modulus two-thirds great. The effect temperature con- 


This paper will not presénted for discussion any meeting the 
but written communications the subject are invited for subsequent publication 
Proceedings and with the paper 


Melbourne, Victoria, Australia. 
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sidered, and demonstrated numerical example Appendix 
that the stresses due variations temperature may considerably 
greater than those due the water pressure. 

Tables Michell’s functions are given which enable the solution 
any problem the design arched dams wedge shaped cross 
section, the upstream surface being vertical cylinder constant 
radius, made. The chief labor involved the solution 
set four simultaneous equations determine four arbitrary con- 
stants which enter into the expression for the displacement any 
point the vertical generators the cylinders, but with six 
eight figure machine this can done about hour. 

remarkable feature Michell’s functions the balance which 
subsists between them leading very small resultants when the 
functions are combined the course the work. This renders 
necessary exercise care using them; particular will 
found necessary retain six seven significant figures the 
arbitrary constants, otherwise shall led quite erroneous 
results. perusal the numerical work Appendix will show 
this clearly. 

Although first sight the tables appear limited height 
ft., will found that this not really the case, the numbers 
the tables are merely like the ordinary numbers 
table logarithms, and the height may 200 ft., even more. The 
limitation the investigation the two cases uniform thickness 
and truncated wedge shaped cross section will, hoped, viewed 
with leniency, when account taken the somewhat laborious 
nature the investigation even these two comparatively simple 
types arched dams. 


THEORY. 


recent paper Hawgood, Am. E., the Huacal 
Dam, Sonora, Mexico,* indicates that the subject the design arched 
dams not yet exhausted. The usual procedure hitherto has been 
assume that the arch thrust given the 

T=pR 


Transactions, Am. Soc. E., Vol. LXXVIII (1915), 564. 
Transactions, Am. Soc. E., Vol. LXXVIII (1915), Table 567. 
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which 
pressure pounds per square foot the section con- 
radius the upstream face, feet; 
=the arch thrust pounds per foot height the dam the 
given section. 

is, however, generally recognized engineers that this expres- 
sion can only give the thrust points far above the base that the 
arch can deflect sufficiently allow the material come into com- 
pression. the case the Huacal Dam, for example, the radial 
displacement near the base would have the order 
order allow the arch thrust exist. élastic move- 
ment the foundation rock this magnitude hardly conceivable. 
The assumption that the base rigidly fixed probably much 
nearer approximation the actual conditions. 


The present paper attempt 
carry the approximation the 
cylinder theory step farther 
taking account the shear across 
horizontal plane and the corre- 
sponding bending moment about 
horizontal tangent the cylinder. 

First, consider complete cyl- 
inder symmetrically deformed 


that the displacement every 
point radial. clear that, PLAN SEGMENTAL DAM 
this case, there will shear 


across axial planes, and consequence there will bend- 
ing moment about the vertical generators; that is, the case the 
complete cylinder, bending horizontal arch does not occur. 


Dams. 

Next consider segment the cylinder Fig. between 
two vertical generators and respectively, subtending angle 
B=2 the axis and suppose this segment free 
slide the base and merely supported the ends and 
that the bending moment vanishes each these ends. Then, 
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assuming that the bending moment vanishes throughout and that 
the segment subjected uniform compressive stress (arch thrust) 
throughout its length that the elastic compression, constant 
throughout, the segment deforms the shape and, shown 
segment given 
where 
elastic compression the material; that is, the ratio 
the contraction any given length under compression 
the original length that portion; 
radius the cylinder; 


120°, there can written, approximately, 

This means that the radial displacement the centre the 
and though free turn about these points, the same 
would have been formed part complete cylinder, subject 
the same stress, whose Young’s Modulus had value two-thirds 
that the actual material. 

may mentioned, anticipate the objection being taken, that 
unless extraordinary precautions are taken fix direction the ends 
the arch, and there will deflections these points which 
will correspond very nearly the deflections due bending 


Dams CoNSTRUCTED VALLEYS ANY PROFILE. 


order pass from the ideal case the actual one, namely, 
dam built valley any profile, the twist the surface which 
when the base, instead being free slide, fixed throughout 
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the central vertical generator that the profile the 
valley which, under the conditions premised, may any shape what- 
dix and subject the limitations there given, the radial displace- 
ment any point the central vertical generator will 
then the same that generator formed part complete 
cylinder the value Young’s Modulus for which two-thirds that 
the actual material the dam. 

The solution obtained for the complete cylinder thus applicable 
(subject the reservations mentioned above) the case any 
arched dam, the value the Young’s Modulus being taken 
two-thirds its value for the material which the dam built. 


C; 
ELEVATION OF SEGMENTAL DAM IN VALLEY 


Two cases are here considered: (1), cylindrical dam tank 
uniform thickness throughout; (2), cylindrical dam finite 
crest width and uniformly varying thickness from crest base. 

The difficulty obtaining solution the equation equilibrium 
the material other cases must pleaded excuse for 
attempt being made general solution applicable dams any 
cross section; the simple cases considered are troublesome enough. 
The solution the first case, the cylindrical dam uniform thick- 
ness, results quite simply terms known functions, and 
hyperbolic. The solution the second case obtained series. 
Four different series each which satisfies the equation equilibrium 
are required; these are given algebraic form, together with tables 
for the values each the functions and their first three derivatives, 
which are all required satisfy the boundary conditions the 
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crest and the base the dam. These functions will referred 
Michell’s* functions. 


shown that the solution the fundamental equation can 
formally expressed terms Bessel’s functions, but the func- 
tions involved have complex arguments considered preferable 
leave the solution terms Michell’s functions, which involve only 
real argument. The solution terms Bessel’s functions, how- 
ever, useful permits the extension the tables using the 
“semiconvergent” expressions, and this makes possible deduce 
the solution for the uniform dam from the case where the thickness 
variable. 

equation corresponding the fundamental equation case 
(2) for particular case, namely when the section triangle with 
its crest the water level, given Lorenzt, but this solution 
very limited application and only two solutions the four 
series the fundamental equation are given, and then only series 
form, cannot regarded complete solution the problem. 

The solution obtained for case (1) shows that the bending moment 
rapidly dies out leave the base dam tank uniform 
thickness, whether the base fixed direction merely simply 
supported, and that height above the base equal three four 
times the thickness the dam the ordinary cylinder formula 
applies quite nearly enough. This statement must not taken 
indicate that the bending moment near the base can disregarded, 
for this cannot done altogether, but shows the great assistance 
given the arch supporting the load the dam. 


TEMPERATURE EFFECT. 


The effect temperature changes the stresses considered, 
and shown that very moderate range temperature will give 
rise stresses considerably greater than those due the water pres- 
sure. consequence, appears that, practicable, concrete 
dam should built time when the temperature well below the 
mean temperature the locality, for this done the effect 
rise temperature enhance the arch effect, and may even 
cause the dam deflect upstream against the water pressure. This 


These functions are here published for the first time. 
“Lehrbuch der Technichen Physik”, Vol. IV, 618. 
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was found happen the case the Wooling Dam, which these 
calculations were first applied. 

similar phenomenon suggested the observations the 
deflections the Barren Jack Arch Dam shown Fig. the paper* 
Mr. Hawgood. 


Attention should called the fact that the the 
tables Michell’s functions are not actual heights but are mere 
numbers like the arguments table logarithms. The relation 
between and the actual depth below the origin, which taken 
the intersection the upstream and downstream faces 
the dam, given 

where 
which 
=the tangent the angle between the upstream and down- 
stream faces the dam, vertical axial section; 
=the radius the cylindrical upstream face; 
Modulus for the vertical forces; 
Young’s Modulus for the arch thrust. 

the case the complete cylinder, the ordinary value 
Young’s Modulus. the case the segmental dam becomes 
The value depends the vertical reinforcement. the 
ratio area steel reinforcement concrete, then 

(1+ 
where the ordinary Young’s Modulus for concrete for the 

The fact that the dam segmental does not affect calcu- 

lating which the ordinary Young’s Modulus used. Suppose, for 


Transactions, Am. Soc. Vol. LXXVIII (1915), 578. 


4 
4 ; 
\ 
| 
| 


382 ARCHED DAMS 


example, segmental dam 200 ft. radius with upstream face 
vertical and the batter the downstream face that 
and with vertical 


reinforcement and horizontal reinforcement. 
There obtained 


2.0 Ib. per sq. in. 
2.0 and 
200 
13.5 say. 


Now suppose that the crest width the dam ft. in. and its depth 
202 ft. in. (corresponding dam about 200 ft. deep). Since the 


2. 
229.5 
13.5 


and the tabular values used are those corresponding 
the crest, and the base. 

The range covered the tables will found sufficient for most 
suggested that the semiconvergent expressions used preference 
the series, which become unmanageable about 30. 


suggested that convenient method design the following 
procedure adopted: 


the maximum flood height above the crest the 
dam say. 
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2.—Assume that the pressure any depth below the crest 


where 62.5 per sq. ft. per foot depth (which course the 
same the weight cu. ft. water). 

height flood level above crest, feet. 

depth the given point below the crest, feet. 
will give pressures near the crest slightly excess the actual 
pressures, but this error may disregarded. 

the maximum compressive stress (arch thrust) allowable 


the material per sq. ft., say and determine the correspond- 
ing thickness the dam the ordinary cylinder formula 


T=pR 
where the resultant ring thrust per foot height. 


pressure pounds per square foot given above. 
the radius the arch. 


The smaller is, course, the smaller will and the more effective 
the arch action. the thickness the arch feet, then 


the minimum safe thickness the crest the dam 
view possible injury floating timber other bodies, say ft. 
Then, the thickness vary uniformly from the crest 
ft. the base the depth 
ty ty 

5.—Decide whether the base the dam rigidly built into 
the foundation rock means steel reinforcing bars sunk well into 
the rock below, that is, encastrée, whether the base simply 
supported the pressure the rock downstream against the down- 
stream face the dam. The former method will ensure watertight 
base but can only adopted when the rock quite solid. the latter 
method adopted, observe that the vertical generators the cylinder 
will deflect downstream under the water pressure, and cause the base 
the dam lift off its seat the upstream side causing liability 
leakage under the seat which must provided against layers 
clay and sand otherwise according judgment. decided 
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that the base shall encastrée, the conditions satisfied the 
base are: 


(1), the radial displacement must zero, that is, 


(2), the generating lines the cylinder must remain fixed 


the base simply supported, the bending moment the base 
vanishes and, before, the radial displacement must vanish, that is, 
are the same either case, namely the bending moment and the shear, 
both which are due the action the material above the section 
that below it, must vanish, since there material above the crest, 
that is, the crest 


(1) and (2) 


the crest the boundary conditions 


These four conditions give rise four equations among the four 
arbitrary constants which enter into the solution. these four 
constants are determined possible, means the tables, 
find the displacement and consequently the arch thrust series 
points, also the bending moment, the shear and, necessary, the 
deflection, although this interest except the base 
the dam. When the bending moments have been determined the 
points corresponding the integral values given the tables, 
smooth curve can drawn through these points give nearly 
enough the bending moment any point the dam. The necessary 
reinforcement can then found the usual rules. 

remarkable feature the solution the smallness the result- 
ing bending moment compared with the magnitude the four com- 
ponent terms which contribute it. example the numerical 

the temperature range which the dam will 
subject and estimate nearly practicable the amounts which 
the maximum and minimum temperatures vary from the mean tem- 
perature during construction. Let the coefficient expansion 
the concrete, 0.0000055 per degree Fahr., say (about in. per 
chain for 100° Fahr., against about in. per chain for 100° Fahr. 
for steel). For satisfactory construction nickel-iron alloy having 
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the same coefficient expansion concrete, desideratum, this 
would minimize the internal stresses due unequal expansion and 
contraction the iron and the Suppose the maximum 
difference temperature degrees Fahr. expected from the 


above this mean and minus below it. before, let the radius 
the dam. now the dam, supposed empty, free expand 
throughout, the displacement any point will be, feet, 
the minus sign being used indicate that the points considered move 
away from the axis. If, after this expansion, the base now forcibly 
displaced toward the axis through the distance the generators 


being held fixed direction the base encastrée, allowed 


deflect that the bending moment vanishes the base 


simply supported. either case, the conditions the crest are that 
the bending moment and the shear both vanish; that is, 

these four conditions are satisfied the dam clearly the same 
condition the base had been fixed while the temperature rose 
the amount 

This again gives rise four simultaneous equations for four new 
arbitrary constants. The coefficients the left-hand side the 
equations are the same those which were used determining the 
constants for the water pressure equations, that the labor the 
solutions lightened this case. The stresses due the tempera- 
ture are course superposed those due the water pressure. 
example the numerical work given Appendix 
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APPENDIX 
INVESTIGATION STRESSES CYLINDERS 


EXPLANATION SYMBOLS. 


Consider the origin the topwater level (flood level) 
the dam cases where the thickness uniform and the intersection 
the upstream and downstream faces when the dam triangular 
section, and consider the axis vertical downward. Let 


thrust per unit depth any point depth below 
the origin, reckoned positive when compression; 

=the resultant traction shearing force per unit length 
along the dam exerted the material above 
that below reckoned positive when this traction 
exerted toward the axis the cylinder; 

couple about horizontal tangent per unit 
length the dam, reckoned positive when the bending 
tends make the generators the cylinder concave 
toward its axis. 

displacement, along the radius, point the 
cylindrical surface, reckoned positive when toward the 
axis the cylinder. (Strictly speaking, these should refer 
throughout the neutral surface, but simpler 
deal with the upstream surface. long 
the dam thin the error not worth considering) 


the inclination the generator the vertical, reckoned 
positive when the lower part inclined toward the axis; 

q? 

the curvature the generator after strain, reckoned 


positive when the concavity toward the axis the 
cylinder; 

moment inertia horizontal section the dam 

Young’s Modulus for the horizontal direction. 
the ratio the area horizontal reinforcement the 
area the concrete vertical section, assuming that 
Young’s Modulus for steel times great for 
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ordinary concrete for which has the value then 
Young’s Modulus for the vertical direction. the 
ratio the area vertical reinforcement the area 
concrete horizontal section, then above 


=the rigidity vertical slab unit length along the 
dam; neglecting the change curvature the horizontal 

water pressure pounds per square foot 
where the weight cu. ft. water 62.5 
lb., the depth the point below the crest the dam 
and the flood height; 

radius the cylindrical upstream surface the dam; 

tangent the angle between the upstream and down- 
stream faces. 

factor connecting vertical distances with the arguments 

Michell’s functions defined Equations (31) and 


DIAGRAM FORCES 
ELEMENT 


Equations 
Considering the equilibrium small curved rectangular element 
height and width there obtained (see Figs. and 4), for 


and for the couples 
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SHEARING FORCES AND COUPLES 
ELEMENT 
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and for the equation connecting the bending moment with the 


neglecting the bending about the vertical generators, which very 
small. 
Again, the equation connecting the displacement with the ring 
thrust the complete cylinder 


and the case segmental dam (see Appendix 
Eliminating between Equations (1) and (2) 
“ast R = Pp (6) 


Substituting for from Equation (3) and for from Equation (4), 
for the case the complete cylinder 


and the case the segmental dam 


Equations (7) and (8) are identical except that (8) the value 


used instead that is, for the horizontal stresses modulus equal 
two-thirds the ordinary Young’s Modulus applied. 


CASE UNIFORM THICKNESS. 


For the case dam uniform constant, that 


Equation (7) becomes 


4 
(3) 
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calling 
Equation (9) may written the form 


Now involves power above cubes (in this case 
that only involves the first power z), the particular integral 
Equation (10) 


= 


for this makes and, therefore, satisfies Equation (10). 


There must now found solution 
involving four arbitrary constants (the complementary function). 
The auxiliary equation 


from which 


hence 


389 
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The complementary function therefore 


This easily verified differentiating Equation (15) four times 
m,* A} e™ + ma," + (on + m, e™ z 
that 
d*u 
Since 
and 


Now, Equation (15) may written 


or, using new arbitrary constants 


The complete solution Equation (10) therefore 
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From this Equation (16), there obtained 


E,t 


pe 


(17) 


conditions the crest and the base the dam. 


and also the 


which Equation (10), thus verifying Equations (16) and (17). 
The arbitrary constants and are determined the end 
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(17) 


Multiplying both sides Equation (16) and adding Equation 


example, suppose that the base free slide the founda- 
tions. Then the crest that is, Equations (3) and (4) 
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From Equations (2), (3) and (17), using the suffix for the crest 
and suffix for the base, there found 


Now the crest and the base. Hence, putting 
the second and third Equations (17) and equating zero, 


and, using the conditions the base, putting the same pair 
Equations (17) 


Hence 
and the solution becomes simply 
(19) 
hence, means Equation (4), 


which the ordinary cylinder formula. 
The condition which must satisfied for this formula ap- 


plicable is, therefore, that the dam free move, slide, its 
foundations. 


Dam witH 


another example, suppose that the base fixed and encastrée, 
then the base the conditions satisfied are 


= 0 
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this case will simplify the work take the origin the base 
and the axis vertical upward. 

The fundamental Equation (10) then unaltered form, but the 
pressure given 


The solution, Equation (16), remains the same form but with 


first Equations (17) the sign must altered from 
order determine the constants, apply the conditions that 


Therefore 
Hence, from Equation (16) and the first Equations (17), putting 
22) 


For the crest the dam, putting the second and third Equa- 
tions (17) and equating zero before 
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Suppose, for simplicity, then 


most ordinary cases can neglected. Dividing the two 


that 


Hence, from Equation (22) 


The solution Equation (16) then becomes, using Equation (21), 
order fix the meaning these equations, consider cylindrical 


dam ft. diameter, ft. deep, and in. thick. this case, taking 


very nearly and 
the exponential term becomes very small when greater than ft. 


above the base, and this portion the expression may therefore neg- 
lected, thus reducing 


from which, using Equations (4) and (21) 
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that the ordinary cylinder formula becomes applicable within quite 
moderate distance the base, and similarly any case when 


becomes large. 

The bending moment the base given Equation (3) and the 
second Equations (17). Thus, observing that and using the 
values constants just determined, 


#x2(B—D) 


the case considered above, and 


62.5 2250 ft. lb. per foot width. 

instead dam which the water pressure applied outside, 
the case tank considered, the sign changed. This case may 
dealt with changing the sign which will then change the 
arch thrust into tension and change the sign the bending moment, 
and also course change the sign 


/ 


treating the case arched dams with wedge shaped sections 
which the thickness finite the crest and increases uniformly 
with the depth, take the origin the intersection the upstream 
and downstream faces and measure vertically downward. Let 


the distance the water surface below the origin, 


; 
? 
{ 
] 
4 
| 
at 


396 ARCHED DAMS [Papers. 


where the pressure pounds per square foot per foot depth, 
the weight cu. ft. water, 62.5 lb. Then 


Substituting Equation (7) 
Let 
Substituting Equation (30) and 


the right hand Equation (32) becomes, using 
Equation (28) 


Now, suppose that chosen that 


Then Equation (32) becomes 


which the fundamental equation which the solution based. 
particular integral Equation (34) the form 


for this gives 


and 


q 
4 | 
F 


2 


that 


Substituting Equation (34) 


Hence 


that particular integral Equation (34) 


general solution (the complementary function) the Equation 


may stated, follows: 


SERIES—MICHELL’s FUNCTIONS. 


The four solutions Equation (37) series form are 
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where 

and 


This can verified differentiation each series Equation (38). 
These will called Michell’s functions. 


solution Equation (37) may also obtained follows: 
Let 


Then solution Equation (37) 
1 
(40) 
where Bessel’s function the first order, defined Bessel’s 
Equation 


with This can also verified differentiating Equation (40) 
and using Equations (39) and (41). The four values give rise 
four different solutions Equation (37). 


BETWEEN MICHELL’s AND FUNCTIONS 


comparison the known series for Bessel’s functions with the 
series given above for Michell’s functions, 


where 
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and the usual second solution Bessel’s Equation 

Equations (38) and (42) are course convertible one from the other. 
The complete solution Equation (34) 


where are the four arbitrary constants which are 
determined the boundary conditions the crest and the base, 


TABLES MICHELL’s FUNCTIONS. 


order facilitate calculation, tables Michell’s functions have 
been prepared, giving u,, u,, and their first three derivatives for 
all integral values from 30. Attention drawn the fact 
that the values are not actual heights, but are merely numbers 
connected with the height the relation where given 
Equation (33), namely, 


For example, 


and the values are about the actual vertical height, that 


fora dam these proportions 180 ft. high the value 25. 

The tables have been calculated direct from the Equation (42). 
For values above 10, this work troublesome account the 
large number terms which must included—and for values 
above the tables cannot relied upon for more than about four 


There error and Matthews expression for The sign the last term 


1 
should not given. The correct expression given Jahnke and 
Tables. 
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0.411 210 
617 
0.345 095 
0.348 718 


881 002 
786 124 
146 827 
513 
576 687 
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178 657 
128 715 


mM 


S10 
COnn ROW 


dug d2 ug d3 ug 
1.110 290 1.135 958 1.085 186 1.822 719 


1.872 518 
0.094 914 


14.921 467 


261 
909 577 
843 611 


3 
m 
m 


1.018 939 0.815 865 0.029 250 
+ 
1,568 297 0.222 211 0.068 242 


404 ARCHED DAMS 


decimal places. case should desired use the functions for 


higher values than those given the tables, has been thought 
advisable give the semi-converging expressions for Michell’s func- 
tions, follows. Let* 


n 


and putting there results 


=A+iB 


where 


and call 


*Gray and Matthews “Treatise Bessel 38. (McMillan 
and Co., London and New York). 


q 
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where, usual, the hyperbolic functions are defined 


also let 


0.910181 
2.197365 


Then the semi-convergent expressions for Michell’s functions* are 
from the expressions for and Gray and Matthews, substi- 


where P,, and have the values given above and Euler’s constant 

The required expressions are 


(46+ 


Gray and Matthews 40. 


| | 
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CoNNECTION BETWEEN FoR UNIFORM THICKNESS 
AND TRIANGULAR SECTIONS. 


order establish the connection between the solution the 
case the wedge shaped section and the dam constant thickness, 
suppose and therefore also become indefinitely large and 
indefinitely small, that 

Then, referring Equations (9), (10), and (33), 


that is, when increased indefinitely and decreased indefinitely, 
keep the thickness the dam constant, Michell’s functions 


reduce products circular and hyperbolic functions and the solu- 
tion degenerates into the form Equation (16). 


hence 
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APPENDIX II. 


DETERMINATION THE ELASTIC MODULUS FOR SEG- 
MENTAL DAMS TERMS YOUNG’S MODULUS 
FOR THE MATERIAL USED THE DAMS. 


radius subject uniform compression per unit area, free 


from bending moment and held that the abutments and are 
fixed position while the segment can slide freely its base. 


DEFORMATION SEGMENTAL DAM 
Fie. 


Young’s Modulus for the material and the elastic com- 


pression, the ratio the contraction length the original 
length any part, then 


tion,, the segment takes the position that the point 
=the normal displacement toward the axis 
tangential displacement the direction increases, 


the angle being the middle point the seg- 
ment, 


A B 
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then 
Now hypothesis constant, hence from Equation (45) 
Assume 


which corresponds deformation symmetrical about From 
Equations (46) and (47) 


and are fixed points. Hence, from Equations (47) and (48) 


Solving Equation (49) for 


When small, approximately 
Substituting Equation (50) 
2 


that the angle 120°) the coefficient 1.528.... instead 


1.5, that may regard Equation (51) practically true for all 
ordinary arched dams. 


the given case 
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from Equation (44), hence, 


2 ‘EB, eee 
Now, complete ring radius and centre and Young’s 
Modulus subjected the same stress above, then 
throughout, and consequently 


Hence, 


that 


and the same for the segment for the com- 
plete ring, then the displacement the middle point the seg- 
ment 50% greater than the displacement any point the 
complete ring; that say, the displacement the middle point 
the segment the same would the segment formed part 
complete cylinder which the Young’s Modulus had value two- 
thirds that which actually has the material. 

suppose the dam divided into horizontal layers which 
varies from layer layer, and suppose that these layers are free 
slide over one another; that is, neglect the twist the sur- 
face due the base being fixed and the displacements not being con- 
stant all points the arch layers, the displacement the middle 
point will given above, and can obtain the solution for the 
segmental dam using the instead the solution 
for the complete cylinder. 
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APPENDIX III 


NUMERICAL EXAMPLE CALCULATION STRESSES 
DAM TRIANGULAR SECTION. 
the case the Wooling dam, the leading dimensions, Fig. 
are follows: 
Crest width, 2.20 ft. 
Base, 4.40 ft. 


that 
The radius the arch the up-stream face 
135 ft. The angle the sector about 120° 


out. The value adopted for was 600 000 lb. 
per sq. in. and that for was 2000000 lb. per 
sq. in., the larger value being adopted for the 
vertical section make rough allowance for 


the vertical reinforcement and the value 


SSS 


being used allow for the segmental form. Then 


TRIANGULAR SECTION, 


Remembering that, for the segmental dam, and calling 


etc. 


ARCHED DAMS 411 


Equation (48) may written 


From which, differentiation 


Bottom FREE. 


The end conditions for this case are, observing that since the water 


Equations (54) (57) thus give 
2x9 


® 
j 


TABLE 2.—Continued. 
3 
Hence, eliminating D’, 
From the second these: 
Multiplying each term the coefficient the first these: 
Eliminating 
Hence 
11.942 409 6.828 088 20.456 266 
6.947 965 8.059 530 105.804 644 184.567 
8.080 232 0.724 064 229.606 919 0.785 
0.024 694 0.008 280 0.500 008 


| 
| 
7 


TABLE 2.—33-Foot Dam, Equation (43), TRANSFORMED 
The Last Column Algebraic Sum the Terms the Other Columns and Used for Checking Each Step. 


Sum Coefficients 
Term Right Term Right 


100 261 750 


18. 
From the third these: 


Multiplying each these the coefficient Equations (1), (2), and (4) 


0.081 587 375 0.316 067 357 0.202 345 022 
0.007 422 938 


0.001 156 985 0.011 594 791 
1.180 821 080 


0.184 042 078 1.844 468 
Hence, eliminating B’, 
0.087 062 825 


225 
2.112 979 117 


From the third these: 


Multiplying each these numbers the coefficient the first two: 


0.086 527 488 0.078 158 140 0.185 932 


578 155 0.045 299 803 


+ 


1.0 2.181 884 726 


q 
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Substituting from the tables and solving according the tabular form, 
Table 

58.583 319 


Observing that 


where nearly, the bending moments 9,10...... can 
found. Again, observing that Equation (48) 
the arch thrust 10...... can found. Diagrams for the 


thrust and bending moment are given Figs. and 


3080 


where Young’s Modulus for concrete 


depth below crest level, feet 


x Z, in feet. d, in feet. uUu, in inches. per foot height. per foot width. 

36.6 3.6 0.166 200 1900 

44.0 11.0 0.118 100 

47.6 14.6 0.093 500 4000 

55.0 22.0 0.042 700 382 600 

58.6 25.6 0.021 900 200 

62.3 29.3 0.006 800 

66.0 83.0 0.000 220 900 


q 
4 
j 
| 


Values 


Fics. THRUST AND BENDING MOMENT, BASE ENCASTREE, CREST 
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APPENDIX IV. 


NUMERICAL EXAMPLE CALCULATION TEMPERA- 
TURE STRESSES, BASE ENCASTREE, CREST FREE. 


deal with this case, suppose the dam empty and 
Section under the heading “Proposed Method Design, Using 
Michell’s Functions”. Put Equation (43), which then 
becomes simply 


Let 
anticipated rise temperature above the mean tempera- 
ture during the construction the dam; 
=the coefficient expansion the concrete 


The displacement the centre towards the axis the cylinder, 
where 


Equations (54) (57) are now replaced, when 


when 
when = 18 er ( ) 


| 
a a 
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The coefficients the left-hand side Equation (60) are the same 
for the case the dam full, that the numerical work for the solu- 
tion confined the necessary alteration the quantities the 
right-hand side. Solving, 

5.099 821 

851 


and throughout for any specified temperature range These must 
superposed the former results. 

For the bending moments 


Therefore, 
where 


order find the actual displacements, observed that 
the rise temperature was supposed have caused the dam 
expand freely and uniformly throughout, that the displacement 
all points was imagining the dam forcibly brought 
back that its base the original position, making 
all points the base, the corresponding displacements all 
points the dam were found. these which must used for 
finding the stresses, but find the displacements, deduct from 


q 
j 
a 
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TABLE 


25,77 2 2 2 2 
” 2 
2 
d2 


5 
3} 


The deduction made order represent the fixed base, leaving the rest the cylinder expanded 
the rise temperature. 


81.194 080 118.374 127.448 
114.608 125.990 188.746 391 


45,148 984 6.408 42.578 652 
258.076 723|— 268.979 267.905 252.544 288 


07.162 142.189 177.601 210.342 288.189 258.811 269.820 268.829 258.524 264.301 929 
07.094 141.981 177.254 287.575 258.076 268.979 267.905 252.544 263.301 980 
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thousand pounds. thousand 
10.—DISPLACEMENT CURVE, Fia. 11.—-ARCH THRUST 7 Fie. 12..—BENDING MOMENT 
10, 11, THRUST AND BENDING MOMENT DUE TEMPERATURE. 
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find the thrust 
E,t 


Dam Empty. 
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| 
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APPENDIX 
DEFLECTIONS THE WOOLING DAM. 


The deflection observations for the Wooling Dam were 
what rough, there was considerable oscillation the plumb line 
account wind. making the observations, plumb line was 
hung from small triangular notch angle iron built into the 
concrete crest level, and the distances from the plumb line the wall 
were measured each ft. interval June 10th, 1916, when the dam 
was empty, and again March 28th, 1917, when the dam was nearly 
full. comparison with observed deflections given 


Table 


TABLE 7.—Comparison CALCULATED AND OBSERVED DEFLECTIONS 
THE Dam. 


inches, splacemen 
down dam empty. March 28th,1917 
0.19 inch 0.17 inch 0.02 inch 
ft. 0.07 0.05 0.02 


Ground level feet below erest. 


The temperature was not recorded during construction but most 
the work was done during the months March June, 1916. 
Table gives the official records the mean monthly temperature 
Macedon, about miles from the dam and about the same height 
above sea level. The temperature the water was observed Novem- 
ber 2d, 1916, Fahr., and the estimated tempera- 
ture March 28th, 1917, was 60° Fahr. The water was then cool, 
but not cold. 
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TABLE TEMPERATURE, DEGREES FAHRENHEIT, 
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NOTES TUNNEL LINING 


the construction tunnels, particularly under air 
soft soil, the engineer has met number difficulties connected 
with the lining, often obseure their origin, which for that 
have caused anxiety, delay and unforeseen expense. 

this paper the more important these difficulties are stated and 
methods avoiding them suggested. These suggestions are discussed 
both from practical and theoretical point view. the purpose 
first attempt determine the causes for the distortions and dis- 
placements common tunnel linings, and second, suggest how they 
may avoided the modification existing practice. The subject, 
however, extensive that, order keep the paper within reason- 
able limits, general outline only will presented. 

For the sake convenience, the paper divided into sections 
follows: 

tunnel lining during construction. 
2.—Determination stresses tunnel linings. 
3.—Conditions for stable equilibrium. 

4.—Stresses tunnel lining during construction. 


papers are issued before set for presentation and discus- 
sion. Correspondence invited from those who cannot present the meeting, 
and may sent mail the Secretary. Discussion, either oral written, will 
published subsequent number Proceedings, and, when finally closed, the 
papers, discussion full, will published Transactions. 

New York City. 
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5.—North River silt. 
6.—Ruling requirements for the erection and design tunnel 
lining. 
7.—Design tunnel lining. 
8.—Materials construction. 
9.—Secondary lining. 
11.— 


common experience when building shield-driven cast-iron lined 
tunnel that, although may possible erect the 
line, level and shape, difficult and even impossible keep 
during the construction period. 

Immediately after the shield has left newly erected ring the 
lining the ring may move down and likely not will change 
its shape, sometimes one direction and sometimes another. the 
deformation threatens become excessive, the tunnel has braced. 
Afterward may found that this bracing, although carefully placed, 
becomes loose because the lining has started deform 
another direction. Then the bolts may have retightened and 
the water-proofing the joints and the bolt holes may have done 
again every time the lining changes its shape. 

The down movements may even more serious. the 
Pennsylvania Railroad Tunnels under the North River New York 
City one time the tunnel started rise suddenly immediately behind 
the shield for some that time unexplained reason, and rose much 
in. above the level which was erected. This naturally caused 
much concern. The work was closed down for about one month and 
the tunnel lining redesigned. 

another tunnel under the East River New York City, the 
lining settled one place such extent that there was not clearance 
enough left for the traffic pass through, and thus necessitated the 
reconstruction this part the tunnel. 

evident that take care these distortions and displacements 
expensive both money and time and adds greatly the cost the 
finished structure. Therefore they should, possible, avoided. 


| 
iz 


The primary function the lining tunnel support the sur- 
rounding soil. addition this, often necessary and nearly 
always desirable that the lining should capable preventing the in- 
filtration water which may present the ground under con- 
siderable head. Furthermore, when the tunnel constructed the 
shield method the lining must able support the thrust the shield 
rams. 

The lining tunnel subject stresses caused the external 
forces, and only when these are known possible determine the 
stresses the lining. 

Assuming material with small angle repose, the vertical forces 
the upper half the tunnel are the weight the soil, the weight 
the lining and the possible live loads above the tunnel within two 
vertical planes tangent the sides the tunnel. The force any 
given area the tunnel that portion the forces which vertically 
above the area. 

The vertical forces the lower half the tunnel are equal the 
vertical forces the upper half the lining, plus the weight the 
tunnel and its contents. The distribution these forces uncertain, 
but can generally assumed with sufficient accuracy. The horizontal 
forces, which must balanced the two sides the tunnel, the 


tunnel otherwise will sidewise motion, can determined 


means Rankine’s “Theory Conjugate Stresses.” 
Let =the vertical load unit horizontal surface within the 
ground; 
=the horizontal soil pressure unit vertical surface 
the same depth; and 
the angle repose the soil. 


Then, accordance with Rankine’s theory, 


This formula represents the active horizontal pressure the soil. The 


soil is, however, able resist greater horizontal force, represented 


This force called the passive pressure the soil. 
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The horizontal pressure the tunnel always least equal the 
active pressure p,, but condition the internal stresses the 
developed such magnitude will required provide the neces- 
sary equilibrium, but under circumstances greater than 

order find the stresses the tunnel lining necessary 
determine which value the horizontal foree, between limits 
and p,, action. This can determined the fact 
horizontal force action will produce the least internal work. 

The least internal work will produced the stress polygon coin- 
cides with the neutral axis the tunnel lining: find this 
incidence possible, necessary, first, determine hori- 
zontal which would produce the coincidence might applied, 
and, second, whether such horizontal would come within the 
limits the active and passive forces. does, the stress polygon 
will coincide with the neutral axis, and the tunnel will 
direct compression only. 


Fig. represents half the circumference tunnel, and 
force diagram for the tunnel. will seen that, the direction 
the force parallel the tangent the corresponding point the 
the stress polygon will follow the neutral axis; will 
seen, also, that for any given vertical force there always hori- 
zontal which will produce the desired The value this 
horizontal force can determined follows: 

The forces acting the portion the lining between the horizontal 
radius and radius forming angle with the horizontal are the tan- 


gential stress, the lining, the vertical stress, the external 


forces with vertical component and horizontal component 
Fig. shows that 


S V V 
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where the vertical load one-half the tunnel, ‘and the 
vertical load the portion the lining considered. 

horizontal portion the lining between two radii 
forming angles and respectively, with the horizontal 


circular tunnel with radius horizontal pressure per unit 
1 2 


This pressure is, the following, termed the ideal pressure. 

more convenient form for use, may expressed the fol- 
lowing equation, which gives approximate value only, and which 
represents the unit weight the soil, the radial angle. 


pression only. 

Assuming that the vertical forces the lower half the tunnel are 
distributed the same way they are the upper half, which near 
enough for the present purpose, order obtain the condition that 
the lining may direct compression only the active horizontal pres- 
bottom the tunnel should than the ideal 
pressure, the top the tunnel. 

order determine what angles would produce such 
pressures under certain given conditions, the pressures, p;, have been 
determined for circular tunnels with diameters 12, 18, 24, and 
ft., respectively, and with the assumption that the vertical pressure 
the tunnel Ib. per sq. ft. and that the weight 
material 120 lb. per cu. ft. The results are plotted Fig. and 
applying Equation (1) found that, under the assumptions made, 
direct compressive stresses only will occur when the angle repose 
not less than the values given the following table: 
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the vertical pressure the top the tunnel less, the angles will 
greater, and the weight per cubic foot the material less, the 
angles will less; but generally may said, that order obtain 
direct compressive stresses only the lining circular tunnel, the 
diameter the tunnel must limited certain value which varies 
directly the value the angle repose. This limiting value the 
diameter about ft. when the angle repose 10°, and about ft. 
when the angle repose degrees. 

the angle repose the soil less than determined above, 
the lining will subject bending stresses addition the direct 
compression stresses. These bending stresses may determined 
means stress diagram. evident that the horizontal forces 
apply are the active horizontal pressures, when they are larger than the 
ideal 


Equation (5) the term (sin. sin. §,) represents the vertical 
projection the area the tunnel lining upon which the horizontal 
pressure acting. this area reduced without similarly reducing 
the horizontal projection the area, the value will increase. Such 
reduction accomplished making the tunnel elliptical, with 
the major axis horizontal. The ratio between the horizontal and vertical 
diameters the ellipse can found follows: 

First, determine the maximum passive horizontal pressure per unit 
area the top the tunnel, and the active horizontal pressure per 
unit area the bottom. the latter equal the former, 
elliptical tunnel may constructed which will subject com- 
pressive stresses only, and the ratio between the horizontal and vertical 
diameters the ellipse will equal the square root the ratio be- 
tween the active pressure the bottom the tunnel and the ideal 
pressure the top the tunnel. 

the maximum passive horizontal pressure the top the tunnel 
less than the active horizontal pressure the bottom the tunnel 
the lining will subject bending stresses which, however, -will 
small possible the ratio between the horizontal and vertical 
diameters the ellipse equal the square root the ratio between 
the maximum passive pressure the top the tunnel and the corre- 
sponding ideal pressure. 

the maximum passive horizontal pressure the top the tunnel 
greater than the active horizontal pressure the bottom the tun- 
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nel, elliptical tunnels subject direct compressive stresses only may 
designed, with the ratio between the horizontal and vertical diam- 
eters varying between the square root the ratio which the active bot- 
tom horizontal pressure bears the top ideal pressure and the square 
root the ratio which the maximum passive top pressure bears the 
top ideal pressure. 

The ratio between the vertical and the horizontal diameter soil 
with angle repose 52’, weighing 120 per cu. ft. and. when 
the pressure the top the tunnel 4000 lb. approximately 
10. 

may stated, therefore, that soil with angle repose pro- 
ducing bending stresses circular tunnel, possible reduce and 
sometimes eliminate the bending stress making the shape the 
tunnel elliptical. 


STABLE EQUILIBRIUM. 

the angle repose small, the distribution the vertical forces 
the lower half the tunnel may different from that 
cause the active vertical forces become effective. that case the dis- 
tribution may assumed follows: Determine the upward 
forces which, with Rankine’s theory are, per unit area: 

sin. a\? 
and distribute the difference between the upward and downward forces, 
including the weight the tunnel, uniformly over the horizontal 
diameter. 

this difference less than the weight the tunnel, passive up- 

ward vertical forces are developed, and according Rankine the maxi- 


mum value these is: 

may said, therefore, that the total vertical downward forces 
are less than equal the total maximum passive upward forces 
determined Equation (8), the tunnel will not sink. 

the total active upward forces determined Equation (7) are 
greater than the total downward forces, does not necessarily follow 
that the tunnel will rise, because the resistance upward motion 
greater than the total downward load; for, addition overcoming 


~ 
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the resistance the frictional resistance two vertical 
planes from the top the soil the bottom the tunnel has 
overcome. 
Let =the distance from the top the soil the bottom the 
tunnel 
unit horizontal pressure the top soil; and 
the unit horizontal pressure the bottom the tunnel. 


Then the frictional resistance will 


follows, therefore, that the sum the total downward load and the 
frictional resistance greater than the total active upward force, the 
tunnel will not rise. 


TUNNEL Lininc Construction. 

During the period construction, the lining subject external 
and conditions different from those which exist when this 
period disturbance past. order secure the safety the 
nel during period and carry out the work 
nomically, necessary determine advance the stresses which 
the lining may subjected during the construction. This particu- 
larly true when the tunnel driven the shield method through water- 
bearing ground. 

Since the tunnel lining used the abutment for rams, 
the stresses the lining are influenced the pressures exerted 
the rams. These ram stresses consist direct compression parallel 
the axis the tunnel, when the line pressure coincides with the 
neutral axis the skin the lining. not, additional weight lin- 
ing material needed take stresses which are wholly temporary 
and. constructional and which exist after the driving period 
over. ordinarily present, however, with the usual type cast-iron 
lining, and has been known cause breakage the lining and damage 
the rams, particularly tunnels large diameter. 

The conditions under which the shield driven forward vary with 
the character the ground. the soil firm excavated ahead 
the shield, and the duty the shield rams mainly overcome the 
the ground soft. and has angle 
repose the shield may used displace part all the soil 
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removed make room for the tunnel. this case not only frictional 
resistance, but also the resistance displacement has overcome, 

When the shield driven forward, displacing the soil, and particu- 
larly when this done with the doors closed, the active horizontal pres- 
sures directly front the shield are increased the value the 
passive pressures, and the same time rupture the body the soil 
occurs. North River silt this increase about per cent. pro- 
portional increase the active upward forces will necessarily occur. 
the existing condition stable equilibrium such that the total 
downward load frictional resistance balance the upward 
forces, such increase the upward forces may cause the shield 
have strong tendency “climb”, and the tunnel rise immediately 
after the shield has left the lining. This tendency to.rise will extend 
only some distance behind the shield and will disappear when the ab- 
normal active ground pressures have had time readjust themselves. 
may relieved admitting sufficient quantities soil through the 
shield doors. 

the moment the tail the shield leaves the lining, when the 
shield pushed ahead, there exists empty annular space around the 
lining. firm soil probable that the first result will that the 
lining will drop down rest the ground surface the bottom and 
that the soil above the tunnel will close down until bears against the 
upper half the tunnel. Later, probably, the ground will close 
the sides. evident that the effect will introduce bending 
stress the lining, that the lining not able carry such stress 
the top the tunnel will pushed down and the sides will spread out 
until they bear against the soil. This tendency distortion may de- 
creased, however, filling the space with grout other solid material. 

ground with small angle repose possible that, account 
its greater mobility, the soil may close around the tunnel immediately 
after the shield pushed ahead. The construction conditions, how- 
ever, will have appreciable influence the stresses the lining. 

begin with, the pressure the compressed air produces bending 
stresses the lining. 

illustrate this stress, diagrams have been made show the vary- 
ing conditions stress produced varying conditions air pressure. 
Fig. shows force polygon and stress polygon under certain given 
conditions when the tunnel under normal air pressure. Fig. shows 
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the force polygon and stress polygon for the same tunnel under air 
pressure lb. and Fig. force polygon and stress polygon when 
the air pressure balances the external pressure the crown the 
tunnel. 


comparison these diagrams shows that while the internal 


stresses the lining decrease the air pressure increases, the eccen- 


tricity the stress increases with increased air pressure. 
iron lining the usual type, the bending moment introduced the air 


pressure may cause tensile stress several thousand pounds per 
square inch. the cast-iron lining not continuous elastic struc- 
ture, the effect these bending stresses will open the joints 
between the segments. inspection the diagrams will show that 
the tendency will open the joints the bottom the tunnel 
the inside and the top the tunnel the outside. However, 
the soil the top may resist the tendency upward displacement the 
probable net result will shortening the vertical and correspond- 
ing lengthening the horizontal diameter. 
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already stated, the pushing the shield ahead without taking 
the displaced soil increases the earth pressures the vicinity the 
shield. Similar results may caused pushing forward 
adjacent tunnel, that tunnel sufficiently Fig. shows the 
stress these conditions. The tendency distortion this 
case increase the vertical and decrease the horizontal diameter. 

Stating them the proper order, the tendencies distortion (and 
the lining not able withstand the stress, the actual distortions) 
will be, soil with small angle repose, follows: First, imme- 
diately after leaving the shield, the lining will, the conditions are 
present, rise and the same time increase the length its vertical 
diameter and decrease that the horizontal diameter. Soon after, 
when the soil conditions have become normal, the tendency will 
push the lower half the lining, thereby shortening the vertical 
diameter and lengthening the horizontal diameter. This tendency 
becomes more aggravated with increase air pressure. Finally 
when the air pressure removed, the tendency distortion great 
extent disappears, but the same time the magnitude the direct 
stress increased. 

The conclusions here arrived correspond closely the actual 
behavior the tunnels driven through North River silt. The excessive 
rise the Pennsylvania North River Tunnel mentioned above, which 
caused the work stopped for period time, happened when 
both the tunnels were being driven close one another and with the 
doors closed. The rise was effectively checked driving one shield 
well advance the other and taking sufficiently large quantity 
the displaced soil into the tunnel through the shield doors; fact 
was found that the path the shield could adjusted readily 
gauging the volume the soil taken into the tunnel. The volume 
naturally depends upon number conditions, including the diameter 
the tunnel; that small enough, may possible push the 
shield ahead with the doors closed without producing rise the 
tunnel; fact, this. was frequently, in, the tunnels, 
the Hudson and Manhattan Railroad under the North River which, 
addition, were far apart that the adjacent shields had little 
upon each other. 

The flattening tendency indicated the theoretical determination 
stresses under air pressure, was common experience all tunnels 
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driven through the North River silt. all cases, the ring the 
lining was originally built true shape. after erection began 
immediately increase its vertical diameter, this change shape 
stopped within about two weeks; thereafter the lining commenced 
increase its horizontal diameter and continued until the sec- 
ondary lining was placed. initial shortening the horizontal 
diameter occurred, the lining began, soon after erection, flatten and 
this often continued until checked internal bracing. 

The conclusions that are drawn from these conditions are that 
for safety and economy, may advisable design the lining 
able carry not only the permanent stresses, but also the con- 
struction stresses, which include bending, even though the permanent 
forces produce compressive stresses only, and that consequently the 
primary lining should the entire carrying member. 


River 

the foregoing discussion, references have been made soils with 
small angle repose, and may state 
some the characteristics the North River silt underlying the North 
River and adjacent waters, which example soil with small 
angle repose. 

During the period construction the tunnels under the North 
River for the Pennsylvania Railroad and the Hudson and Manhattan 
Railroad, great number tests, experiments and analyses were made 
determine the characteristics the silt. number tunnels 
already have been built this material and more will built, the most 
important results obtained will stated here. 

The weight the silt increases with the depth below the river 
bed, least the depth that tests were made, which was the bottom 
the tunnels. depth ft. below the river bed, the silt weighs 
about 104 per cu. ft.; depth ft. weighs about 110 and 
the average weight the silt surrounding the tunnels 108 per cu. 
ft. The silt surrounding the tunnels contains 55% water volume. 

The unit weight the silt and its water content vary with the tide. 
high tide the weight greater than low tide and the water content 
less. This points the probability that the solid particles the silt 
come closer together high than low tide, and this also evidenced 
the fact that there reversing tidal motion the silt, which rises 
the tide falls and falls the tide rises. This tidal rise and fall 
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amounts average about in. the level the tunnels. 
presumed that varies from zero the bottom the silt 
maximum the top. 

body embedded the silt will move and down with the silt, 
but stable equilibrium will not move relation the silt. 

The angle repose the silt surrounding the tunnels was deter- 
mined less than degrees. This was done analyzing many hun- 
dred observations the external pressures the tunnel lining, obtained 
means specially constructed and highly sensitive pressure gauges 
inserted holes the skin the lining. 

The fact that shield with its doors completely closed can 
forced bodily through the silt without taking shovelful muck 
into the tunnel and without requiring undue jack pressures 
developed shows that this particular soil essentially viscous fluid. 
Such thing could not done clay sand mixture such. 
Observations the jack pressures used start actual shield 
movement through the silt confirm, when analyzed, the fact that the 
material has angle repose less than degrees. 

Another striking indication the quasi-fluid nature the silt 
afforded its vertical fluctuation due the tidal rise and fall the 
water the North River above it. The ordinary range tide 
here only ft. and yet, the elevation which the tunnels 
lie, this small tidal range produces change elevation the silt 
about in. Under tidal range ft: change in. the 
elevation the silt, rather that the tunnel embedded the 
silt, has been observed. 

Certain other characteristics the silt, observed during the con- 
struction tunnels through this soil, should also noted. When 
subjected air pressure, the silt has the nature stiff clay and its 
consistency may readily varied changing the air pressure, that 
say, when the air pressure nearly balances the soil pressure, the 
material becomes quite stiff, but the air pressure reduced the silt 
becomes softer and softer. 


REQUIREMENTS FOR THE ERECTION AND DESIGN 
TUNNEL LINING. 
evident from the previous that, the tunnel lining 
designed such manner that able carry the stresses which 
may subjected, both during the period construction and there- 
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after, and the work construction carried out properly and with 
due regard the peculiarities the soil through which the tunnel 
driven, the usual difficulties and expense experienced keeping the 
tunnel true line, grade and shape will avoided. 

The remedies for the rising sinking the tunnel are apparent, 
providing the tunnel stable equilibrium, and this naturally 
primary the tunnel rises, probably due the 
existence excessive external pressures caused either adjacent 
tunnel shield the displacement the soil the shield the 
tunnel 

The prevention rising make such adjustment the 
amount material brought through the shield doors that these 
excessive external pressures are not brought into When the 
tunnel sinks plainly due leakage water and soil through the 
joints the lining over the lower portion the periphery. The pre- 
vention consists making the lining water and mud tight the time 
its initial erection, soon after possible. 

The prevention deformation lies entirely the design. the 
lining designed that able carry the stresses that may 
brought upon it, both during and after the construction period, 
deformation will occur. is, therefore, importance that the lining 
should designed with due regard this requirement. 

When the art building cast-iron lined subaqueous tunnels was 
its infancy the size the tunnels was kept within small limits and 
the tunnels were built through ground that was favorable for safe con- 
struction. 

time went on, and there developed the necessity for tunnels 
larger size and fixed locations regardless the suitability the soil 
and depth waterway encountered, fresh problems were presented 
the tunnel engineer, which indicated that either the design the 
material the lining, both, had outgrown their original usefulness 
from the standpoint safety well economy. what follows, 
therefore, the design tunnel linings will discussed while keeping 
mind the safety and the economy the design under varying con- 
ditions, both size and surrounding material. 


TUNNEL LINING. 


undertaking the design tunnel lining for any given purpose 
and under any given conditions, the following points have kept 
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mind: The shape, the strength, the material construction, the 


water-proofing, the time required for construction, and the cost 


maintenance and operation. 

regards the shape, the cross-section the tunnel such that 
the lining subject direct compressive stresses only or, that not 
obtainable, the least possible bending stresses, the least quantity 
construction material will required per unit length the periphery. 
stated the section determination stresses, this points the 
use elliptical cross-section, least when the angle repose 
the soil small. When possible arrange the internal clearance 
profile elliptical cross-section that space wasted, further 
economy obtained having decreased the vertical diameter, because 
both the stresses the lining and the difficulties construction are 
thereby decreased. The possibilities making the shape elliptical 
have studied each case, and therefore detailed com- 
parisons, regard economy, between circular and elliptical tunnels can 
attempted this paper. 

most cases necessary advisable maintain the proper 
lines and grades, either permit the passage the traffic for which 
the tunnel intended for the sake appearance. Therefore some 
additional clearance, say from in. all around the inner periphery, 
should provided for the adjustment the unavoidable deviations 
from the proper lines and grades that will occur during the driving 
the tunnel. 

regards the strength the lining, has been shown that, under 
certain conditions, the lining subject bending stresses. For the 
purpose non-elastic deformation, the lining should able 
carry such stresses. The ability various lining materials 
this will discussed the following section. may 
repeated here that account the fact that the bending stresses 
occur during the period, well after, the lining placed 
the time construction should strong enough carry all stresses 
without any secondary lining placed any later date. 

The economy construction depends only the unit cost 
the material materials which the lining constructed, but also 
the quantity material required. This includes not only the cost 
procuring the materials, but also their cost erection. will 
remembered that, the tunnel driven under air pressure, the cost 
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labor under these conditions exceptionally high, and that, therefore, 
such materials should selected, and arranged, require 
little labor under compressed air possible. 

this connection, may noted that while the internal 
the tunnel determined the use for which the tunnel intended, 
the external and consequently the amount excavation addition 
determined the thickness the lining. Therefore, comparing 
various types lining from the point economy, the quantity 
excavation should also considered. 

further matter economy that the period time required 
the tunnel ready for operation. Generally desired 
complete the construction soon possible, because the tunnel 
imperatively needed. The loss money reason the tunnel not 
being ready for operation often cannot definitely but is, 
nevertheless, important item. addition, the monthly overhead 
expenses continue about the same during the whole period construc- 
tion, and the interest the capital invested increases with the time 
construction. This indicates advisable investigation the 
relative periods time needed construct tunnels various sizes, 
shapes and materials. 


preliminary study the rates progress attained the different 
New York river tunnels showed that, generally speaking, the larger 
the tunnel the less progress, measured linear feet tunnel driven per 
month, was attained under any given set conditions. 

When the weight cast-iron lining corresponding the linear feet 
tunnel driven per month was computed was found that there was. 
fairly constant weight cast-iron lining erected per month under 
any given set ground conditions, irrespective the size the 
tunnel. This shown Table 
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The lining the tunnels built the neighborhood New 
York City weighs, pounds per linear foot tunnel, about twenty-two 
times the square the outside diameter expressed feet. Conse- 
quently, the fact that the weight iron lining erected per month under 
any given conditions ground more less constant makes possible 
foretell the approximate monthly progress which tunnel any given 
diameter will make under any given conditions ground. This esti- 
mate has been plotted show the result graphical form (Fig. 8), 
and interesting see that the line progress starts zero for 
zero diameter rises rapidly maximum for tunnel about ft. 
diameter, and then diminishes the diameter the tunnel increased. 


Progress Lineal Feet Tunnel per Month 


Outside Diameter Tunnel,in Feet 


may said, therefore, that for shield-driven tunnels lined with 
cast iron the usual type (and probably for shield-driven tunnels lined 
with any kind material) the smaller the diameter, down about 
ft., the quicker progress will made, the less the overhead and the 
interest charges during construction will be, and the sooner the tunnel 
will ready for operation. This means that economically sound 
(provided that the purpose for which the tunnel intended not 
impaired thereby) build number small tunnels instead one 
large one. For example, thoroughly sound provide two-line 
railway tunnel building two single-line tunnels rather than one 
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double-line tunnel, provided the quantity material and work for the 
two single tunnels does not become large comparison with those 
items for the double-line tunnel that the advantage gained the 
shorter construction period counterbalanced. 

The same reasoning applies sewer tunnels, water supply tunnels 
and fact all cases where the traffic may subdivided. further 
incidental advantage hereby gained, that with plurality 
tunnels one more may shut down for repairs times slack 
traffic without shutting off the entire traffic. constructional advan- 
tage gained use several small tunnels place one large one 
that the difference pressure between the top and bottom the 
tunnel less. 

Most tunnels which have driven under navigable waters are 
limited the depth below the water surface which they may 
placed. For example, public authority may require that encroach- 
ment may made water depth ft. This fixes the elevation 
the crown the tunnel and this turn fixes the position the road- 
way track which placed within the tunnel. The smaller the 
vertical diameter the tunnel the nearer the surface this roadway 
track may kept and thus not only are the approaches made shorter 
the gradients easier, and the total length the tunnel decreased, 
but the vertical height through which every person vehicle 
uses the tunnel has first lowered and then raised dimin- 
ished. Thus saving energy introduced and this saving con- 
tinuous throughout the entire life the structure. capitalized, 
this saving may amount appreciable sum money. 


8.—MATERIALS CONSTRUCTION. 


Brickwork and Concrete.—Most the usual materials construc- 
tion have been adopted for tunnel linings, and may used they suit 
the existing conditions. tunnel driven through non-waterbearing 
rock may not need any lining all, perhaps only facing concrete 
improve the appearance and protect the rock against weathering. 
tunnel constructed dry soft soil may lined with brick concrete, 
providing that shield-ram pressures have supported the 
lining and that soil pressures are likely occur until the mortar 
has set. This indicates the use brickwork concrete, 
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particularly secondary lining. The primary lining may either 
temporary timber construction permanent lining timber, con- 
crete blocks metal. the first case the masonry lining should 
able carry the full external loads; the second case the masonry 
lining used either carry part the stresses provide smooth 
interior for the tunnel protect the primary lining. The use 
precast concrete blocks placed without mortar will discussed later. 

Wood.—On account its lack durability, the use wood 
generally limited temporary lining, but for this purpose quite 
common, from the timbering heading the lining full-size 
tunnels. For water-carrying tunnels water-bearing soils, however, 
wood may suitable material. special case where wood indi- 
cated proper material for tunnel lining, that discharge tunnels 
power houses, has been the experience that mortar 
disintegrates under the action the discharge water. wooden tunnel 
lining may either arch shaped and made short lengths timber 
with circumferential butt joints, may made rectangular, sub- 
jecting the timber bending stresses. account the softness 
this material, internal wearing surface should provided, either 
masonry renewable planks. 

Cast proper conditions, cast iron material emi- 
nently suitable for use tunnel lining account its rugged, durable 
character and its ability carry compressive stresses. 

The tunnel shield, and incidentally the cast-iron lining the type 
generally used, was originally invented Mare Isambard Brunel and 


patented him 1818, but the segmental iron lining was not adopted 


until 1869 when was used for the Tower footway tunnel, with 


outside diameter ft. in., London under the Thames River. The 


lining made segments, bolted together, forming ring, and the 
adjacent rings are also bolted together. Fig. shows sections the 
cast-iron lining used for the Central London Railway London clay, 
which stiff non-waterbearing clay. The outside diameter 
this tunnel ft. in. and secondary lining used. Fig. 
shows sections the cast-iron lining used for the greater part the 
Pennsylvania Railroad Tunnels the silt under the North River 
New York City. The outside diameter this lining ft. and 
secondary lining concrete was used, making the total thickness the 
tunnel lining ft. 
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will noticed that the method making the joints different 
the two tunnels shown. the Central London Tunnel the surfaces 
the flanges were not machined. The radial joints were made 
packing creosoted wood strip between the adjacent flanges and bolting 
them together. For the circumferential joints, account the neces- 
sity sustaining the shield-ram pressure, the flanges were brought into 
contact, metal metal, along the skin and packing yarn was placed 
the bottom the joint behind the bolts. The remainder the joint 
was filled with mortar except where water was met, and here the usual 
mixture sal-ammoniac and iron borings was packed into the joint. 
The radial joints were also finished with pointing cement 
rust caulking, required. 


Yarn Wood Strip 


ement 


Cement 


RADIAL JOINT CIRCUMFERENTIAL JOINT 
DETAILS CAST IRON LINING FOR CENTRAL LONDON 
RAILWAY TUNNELS 


RADIAL JOINT CIRCUMFERENTIAL JOINT 
DETAILS CAST IRON LINING FOR PENNSYLVANIA RAILROAD 
NORTH RIVER TUNNELS 
Fie. 10. 


the Pennsylvania Railroad Tunnels all flange surfaces were 
machined ensure exact bearing surface over the entire depth 
the flange. caulking groove about in. deep, however, was pro- 
vided along the inside edge the flanges. This groove was used 
make the joint water-proof filling with rust caulking, and the bolts 
were water-proofed packing grummets consisting rings yarn 
dipped red lead under the heads and nuts the bolts. 

The main advantages cast-iron lining are that may handled 
roughly without being damaged; that may procured the shape 
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desired and units size limited only the facilities for casting 
and the weight that can handled the tunnel; that may erected 
and connected reasonable time, and that may made almost 
water-tight caulking the joints and grummeting the bolts, The 
accuracy with which the faces the flanges may machined nearly 
absolute and possible erect iron thus machined perfect shape. 
The efficacy the lining, structure and water-proof envelope, 
then depends its capability resisting, without deformation, the 
stresses which come upon it. 

Cast-iron lining the type described forms efficient structure 
soils with large angle repose, the diameter the tunnel not 
too large. The question cost not considered for the present. 

The objections cast-iron lining are follows: The structure, 
effect, not capable resisting stresses other than compressive. 
This not much due the cast iron itself, which might relied 
upon carry reasonable tensile stress, but the method fastening 
the segments together, which permits them separate slightly 
under bending stress. The result that during construction soil 
with small angle repose subject various non-elastic 
deformations, and further the pressure the compressed air causes, 
has been stated before, bending stresses the lining, producing 
distortion. 

soils the character the North River silt, deformations may 
due temporary disturbance the earth pressures account 
the pushing forward the shield, particularly the shield driven 
ahead without taking the full volume displaced. When such distor- 
tions occur, necessary provide temporary bracing and support 
until the supplementary inside lining place, and this expensive 
both time and money. 

soil moderately high angles repose, immediately after the 
shield leaves the lining, this surrounded with annular space only 
partly filled with solid matter. This condition produces local pressures 
the lining, causing deform; then again, when the air pressure 
removed the conditions equilibrium are changed and the lining 
subject further deformation. 

The non-elastic deformation has another serious effect the 
structure. The horizontal joints between the cast-iron segments, which 
are generally machined and expected bear the whole surface 
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the flange, open either the inside the outside and thus not 
only the strength the ring arch greatly decreased but also 
the efficacy the caulking diminished. This particularly impor- 
tant, because the caulking, order effective, must done under 
air pressure, and when the pressure removed, deformation takes place, 
opening the joints and destroying the water-tightness. material 
such North River silt, having tidal movements, additional and 
periodical working the joints may occur which will make the caulk- 
ing ineffective, particularly tunnels with inside concrete lining. 
Leakage necessitates continuous expenditure for pumping, and 
material like North River silt, even minute leakage produces settle- 
ment the tunnel, affecting its gradient. 

The skin the cast-iron lining has support the thrust the 
shield rams. account the space needed for the rams, 
their pitch-circle must several inches inside the This 
causes bending stresses the rams and the lining and, large 
tunnels, results bending and jamming the rams, and breakage 
the lining. 

These considerations suggest the following changes the design 
cast-iron lining. The depth the circumferential flanges should 
made large enough insure compressive stresses only the lining 
least tensional stresses greater than can safely 
the cast iron and the connection between the cast-iron segments. 

The sections forming ring should connected that non-elastic 
deformations cannot occur, and longitudinal ribs should provided 
the thrust the shield rams. 

constructing stress polygons for tunnels various diameters 
has been found that, the pressure the top the tunnel 
Ib. ft., the weight the soil 120 per cu. ft., and the angle 
repose 52’, the maximum eccentricity the circumferential 
force the lining, when the outside diameter lies between ft. and 
ft., may expressed empirically 

where the outside diameter feet and expressed inches. 

desired make clear that the soil characteristics and weights 
lining from which this formula derived have been deliberately 
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chosen accentuate the effect heavy soil together with low angle 
repose. The flanges and thicknesses lining given the following 
pages, therefore, are exaggerated. soil the character North 
River silt, for example, the eccentricity will found considerably 

the depth the flange made equal 4e, the tensile stress will 
not greater than may brought safely upon the cast iron, and the 
connections between the segments the lining may made strong 
enough carry this stress. The depth the flange will accordingly 
follows: 


The inside diameter determined 


differentiation, the maximum value may determined 
26.2 ft. other words, order obtain cast-iron lining not subject 
non-elastic deformation under the conditions assumed, the inside 
diameter cannot greater than 26.2 ft. Before this limit reached, 
however, the size, weight and number the segments the lining 
will have become unwieldy. 

is, however, quite possible construct tunnels with cast-iron 
lining having flange depth less than that required make the lining 
self-sustaining; fact, the primary lining may and has been made 
thin metal plate only. When the lining not self-sustaining, 
must temporarily supported during construction and secondary 
lining must provided. The question which method adopt 


essentially one economy, but must also kept mind that when 


the primary lining not self-sustaining, the water-proofing becomes 
more uncertain and expensive. 

has been found, plotting the weight cast-iron linings 
tunnels actually constructed soils this character, that the weight 
may expressed the equation 22d? where the weight, 
pounds per linear foot tunnel and the external diameter, 
feet. 

Precast Concrete previously stated, concrete not, 
except under special conditions, suitable lining material for shield- 
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driven tunnel, except the form precast blocks. this shape 
well suited for tunnels any diameter when the soil dry and has 
large angle repose, and may used tunnels small diam- 
eters water-bearing soil with small angle repose, providing can 
made water-tight; but, according the foregoing stress determina- 
tion, the present state the art not suitable under any other 
conditions. 

The advantages the precast concrete blocks are that they may 
made any shape and size desired, reasonable cost, and that they 
may handled with ordinary care without being subject serious 
damage. 

The disadvantages precast concrete blocks are, as.a whole, the 
same those cast-iron lining, but greater degree; namely, they 
cannot resist other than compressive the water-proofing 
uncertain its efficacy. 

has been stated previously that bending stresses occur during the 
construction. These stresses the concrete-block lining cannot resist, 
even though interlocking arrangements provided between adjacent 
segments, because would practical impossibility cast the blocks 
secure the absolute fit necessary prevent any motion the 
joint. The result is, therefore, that the tunnel will distort and the 
joints open, when bending occurs, thereby throwing the full load 
small bearing surface either the inside outside edge, and pro- 
ducing grave possibility spalling off the edges the blocks. 

Owing their bulk, the concrete blocks would have rather 
short, particularly tunnels moderate large size. Consequently 
the taper the individual blocks would slight, and entirely 
within the possibilities when the tunnel distorts and the joints open, 
that the block might free slide under the external pressure, 
particularly when the outside edges are spalled off. 

order make tunnel lined with such blocks safe during the 
construction period, would necessary make arrangements 
the following general lines: provide the blocks with steel rings 
securely fastened into them and during the time the air pressure was 
fasten tie-rods these rings the directions where increases 
diameter might occur, and the same time support the lining 
with struts the directions where the diameters might decrease. Such 
temporary support would however expensive and interfere with 
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the work construction. The stresses the structure under normal 
air pressure might taken care making the thickness great 
that tensile stresses would not occur. will shown hereafter, this 
only possible certain inside diameter. The tensile stresses 
the permanent lining might also relieved introducing proper 
permanent internal bracing the lining, which, however, again would 
odd the cost the structure. 

The concrete blocks might made reasonably water-tight the 
addition some water-proofing compound. The joints between the 
blocks could water-proofed means water-proofing material, but 
order make such water-proofing efficient, would have 
ried out with the greatest care each individual joint before the next 
block was placed, thus retarding progress the period construction, 
when speed paramount importance for economy. 

The efficacy the water-proofing however would depend the 
absolute prevention distortion the tunnel. 

stated above, Equation expresses the eccentricity the cir- 
cumferential order avoid tensile stresses, the thickness 
the lining must not less than 6e. This would require the following 
thickness the lining: 


would appear, therefore, that the thickness this lining becomes 
great impracticable when the outside diameter the tunnel 
more than ft. Furthermore, the inside diameter should not 
increased beyond ft., because the inside diameter, 12e, 
and differentiation, the maximum value determined 
ft. other words, order obtain concrete-block lining not 
subject non-elastic deformation under the conditions assumed, the 
inside diameter cannot greater than ft. unless inside bracing 
provided. 

Structural Steel—So far, all the usual materials construction 
have been considered except structural steel, which the present 
time has been used for tunnel lining only very limited extent, 
spite its many apparent advantages. The most probable reason for 
this that the standard material for primary lining for subaqueous 
tunnels, cast iron, has proved itself generally satisfactory, although 
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soils having low angle repose has become apparent that the 
limit possible size has nearly been reached. 

Steel has been used primary lining for tunnels under the Spree 
and the Elbe Rivers Germany. both cases the steel lining was 
used envelope only, inside which the permanent and supporting 
lining was constructed. Light wrought-iron plates were used for the old 
North River Tunnel, commenced 1874. Steel has also been used 
for short length the intake tunnel the Hudson and Manhattan 
Railroad power-house Jersey City, this case, the steel lining 
was made ship channels, bent the tunnel and 


the ends each section with angle flanges, producing sec- 


tions steel similar the usual cast-iron sections. These sections 
were erected and bolted together, following the procedure cast-iron 
lining. This tunnel was provided with internal wearing surface 
masonry. 

None these types steel lining self-supporting but requires 
secondary carrying lining. For the purpose investigating the 
possibilities self-sustaining steel lining, the writers have, therefore, 
attempted design such lining. Fig. shows its general character. 
consists essentially circular plate girders, spaced intervals, 
supporting the steel plate envelope skin. The girders are intended 
able carry the forces that may come upon them without non- 
elastic deformation, but, they necessarily must brought into the 
tunnel sections, they must spliced. The compressive stresses 
will readily transmitted through the machined abutting faces, and 
the tensile stresses may transmitted through splice plates connected 
the adjacent sections means tight-fitting pins tapered 
ft. diameter. 

The advantages such steel lining are, first, that may readily 
made strong enough carry without non-elastic deformation the 
forces which may subjected, and second, that may made 
absolutely water-tight means electric welding. 

The principal criticism that might made against the steel lining 
probably that possibility corrosion. the evidence, however, 
that far has come the knowledge the writers appears 
indicate that steel embedded soil under conditions similar those 
which tunnel lining subjected does not corrode. More light 
this matter would desirable. Some evidence afforded the 
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shield the North Tunnel the up-town tunnels the Hudson and 
Manhattan Railroad. The skin this shield consisted cylinder 
made two thicknesses steel plate. The diameter the 
cylinder was ft. in. and its length from cutting edge end tail 
was ft. in. This shield was erected 1890 and was driven for- 
ward about ft. little less than year. not known whether 
shield was painted otherwise protectively coated before started 


Skin 


Girder Web 


RADIAL SECTION 


Splice Plate 


CIRCUMFERENTIAL SECTION 
11. 


its journey, but reasonably certain that any coating may have 
had was rubbed off after traveling 000 ft. through the silt. 

The work the tunnel was abandoned 1891, and the shield was 
left encased the North River silt about half way across the river. 
Inside, the shield was filled with water and muck. 1902, eleven 
years after the tunnel had been abandoned, was cleaned out. The 
shield was found good condition and, after repairs the 
machinery, was used drive the tunnel the remaining distance 
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across the river where arrived and was dismantled 1904, except 
the outer shell, which was left place, the cast-iron lining being erected 
inside it. other words, steel cylinder with unprotected 
surface about 750 sq. ft. remained embedded North River silt for 
eleven years without being impaired for use. 

making designs for lining this type for several different 
sizes tunnels under the same assumptions soil characteristics 
used previously, and selecting the girder depth expressed inches 
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Weight, Lb. per Lin. Ft. Tunnel 


10,000 


Outside Diameter, Feet 
13. 
equal the outside diameter feet divided 1.2, has been found 
that the weight the lining, pounds per linear foot tunnel, 


will found that weights steel lining based this formula, 
when compared with weights cast-iron lining, range from 59% 
the case 10-ft. tunnel 26% for 50-ft. tunnel. 

Fig. shows these weights plotted for tunnels ft. 
diameter. 
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LINING. 


The purpose the secondary lining tunnel may either 
act carrying member, produce smooth inner surface, give 
additional weight, protect the primary lining from corrosion. 
generally consists either brickwork concrete. has been stated 
before that order avoid troublesome deformations tunnel 
driven under air pressure, the primary lining should designed 
able carry the stresses which subjected during the 
construction, well the permanent stresses, without non-elastic 
deformation. that done, secondary lining needed account 
strength and might, intended for that purpose only, dis- 
pensed with. 

the use secondary lining produce smooth inner sur- 
face, this necessary when the tunnel intended carry water 
the primary lining does not provide smooth inner surface, for example, 
when the primary lining constructed metal. the tunnel 
intended used railroad highway, there does not appear 
any more reason hide the metal construction than the struc- 
ture were bridge. 


10.—Cost TUNNEL 


The previous sections this paper have.discussed the merits and 
demerits various materials tunnel linings from the point view 
serviceability without reference the matter cost. This feature, 
however, prime importance and often determining factor 
mines its capacity. 

was attempted, therefore, formulate certain expressions 
which the probable cost per unit length tunnels any given size 
constructed through various kinds ground, could determined, 
not absolutely, least relatively. 

The prices labor and materials, however, usually are state 
flux, and this particularly true the present time. Furthermore, 
the probable cost labor and materials any piece work 
tied with the local conditions which surround and attend that 
work that the conclusion was reached that such generalized and sweep- 
ing formulas were more less spurious and untrustworthy and might 
lead erroneous results applied without due caution and reserve. 
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may suffice repeat that, far the use tunnel con- 
cerned, the internal cross-section the measure its capacity. 
far the stresses which will exist the lining are concerned, the 
outside diameter the ruling factor. Hence comparing one type 
tunnel lining with another for tunnels the same internal cross- 
sections under the same external conditions ground pressure, as- 
suming that the various linings compared have been designed that 
the tunnel shall have equal strength each the following factors 
should brought into the comparison: 

volume and cost the excavation; 

2.—The weight and cost the lining material; 

3.—The probable rate advance; 

4.—The permanence the lining material; 

5.—The possibility making the lining water-proof. 


From the previous discussion the following conclusions are reached: 

1.—When the characteristics the soil through which tunnel 
built are known, possible determine the stresses 
the tunnel lining. 

2.—In order obtain direct compressive stresses only the lining 
circular tunnel, the diameter the tunnel must lim- 
ited certain value which varies directly the angle 
repose the soil which the tunnel embedded. 

3.—In soil with angle repose producing bending stresses 
circular tunnel, possible reduce, and sometimes 
eliminate, the bending stresses making the shape the 
tunnel elliptical. 

4.—If the total vertical downward forces are less than equal 
the total maximum passive upward forces the will not 

the sum the total downward load and the frictional resist- 
ance greater than the total active upward force the tunnel 
will not rise. 

6.—The pressure the compressed air the tunnel during con- 
struction produces -bending stresses the lining. 

7.—The shoving shield through plastic soils without taking 
the full volume displaced the shield induces temporary 
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pressures the ground which tend deform and displace 
the lining. 


8.—The lining should designed able carry not only 


the permanent stresses but also the construction stresses, 
which include bending, even though the permanent forces 
produce compressive stresses only. 


9.—Consideration should given, each specific case presented, 


the advantages and disadvantages, from engineering 
viewpoint, making the primary lining the entire carrying 
member, supporting the primary lining when and where 
necessary until the secondary lining has been placed. 


10.—Up the present, the rate progress shield-driven sub- 


aqueous tunnel has been function the diameter the 
tunnel. For each variety ground this relationship dif- 
ferent, but general the rate advance increases rapidly 
from zero diameter diameter about ft. and then 
decreases with increase diameter. 


11.—In soils with low angle repose, for any specific case pre- 


sented, there limiting inside diameter (which may 
determined for that case) beyond which the primary lining, 
whether cast iron concrete blocks, cannot designed 
stand without internal bracing. 


The subject covered one which still much difference 
opinion and doubt. The writers hope that these notes may give rise 
discussion the design and construction tunnels which will 
help the engineer who has deal with this most fascinating work. 
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THE DUTY WATER 
THE PACIFIC NORTHWEST* 


The duty water for any particular locality susceptible 
analytical determination the necessary physical characteristics 
topography, soil and climate, and the crops grown are known. The 
object this paper strip this subject some the ornate general- 
ities that usually characterize its discussion, and suggest lines along 
which future research should conducted order supply the 
missing data necessary the solution the problem. 

The subject first considered analytically. The process illus- 
trated actual example, and the correctness the determination 
substantiated results actually secured projects where statis- 
and other data are available. 

Briefly stated, the determination the duty water consists 
first fixing the average percentage soil moisture that should main- 
tained for the particular soil and crops, and then finding quantity 
irrigation water that, with the precipitation and the unavoidable losses, 
will maintain that amount soil moisture. 

This method makes the free soil moisture the root zone the 
plants the index plant sufficiency. hoped the suggestion will 
lead additional research determine the amount free soil moisture 


This paper will not presented for discussion any meeting the Society, 
but written communications the subject are invited for subsequent publication 
Proceedings, and with the paper Transactions. 


Portland, 
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various types soils and for various crops that will give the highest 
efficiency agricultural practice. Some work along this line has 
already been done and the results such investigations have been used 
making the various formulas and criteria presented this paper. 


The net duty water taken mean the amount water arti- 
ficially delivered the margin the farms for irrigation. will 
expressed depth the land feet inches, which identical with 
acre-feet acre-inches per acre. 

Precipitation includes rain, snow, hail, sleet, dew and frost. 

Irrigation water the water artificially delivered the land. 
does not include precipitation. 

Evaporation the return surface water the atmosphere. 
considered three phases—evaporation precipitation, irriga- 
tion water, and from soil storage. 

Percolation the passing water the soil beyond the reach 
plant roots. 

Surface waste the surface run-off from irrigation water pre- 
cipitation. 

Soil storage the water held the soil capillary forces within the 
root zone plants. 

Water-table the point soil saturation gravity water. 

moisture the amount water artificially heated 
soil will absorb from moist air upon cooling. not available for 
plant growth. 

Capillary water the water held the interstices the soil against 
gravity. 

Gravity water all water the soil not hygroscopic capillary. 
will flow off gravity drains. 

Plant consumption the water taken plant roots. 

Free moisture any soil water available for plant growth. 


The net duty water very simply conceived two parts: 


quantity water actually consumed plants; and, 
2.—The losses incident supplying that quantity the plant roots. 
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The losses are three kinds: 
2.—Percolation, 
Waste. 


these losses, percolation and surface waste are entirely under the 
control the irrigator, while evaporation partially under control. 
only necessary, therefore, consider what extent these losses, 
the exercise good husbandry, are necessary and unavoidable and 
thus may considered beneficial use water. 

Plant Consumption.—Every plant requires certain ideal conditions 
for optimum growth. These conditions involve minimum water con- 
sumption. Any material departure from these ideal conditions 
reflected increased water consumption. other words, Nature 
tries remedy any deficit plant food, energy, increase 
transpiration. 

has been found that the water consumption plants influenced 
environmental factors follows: 

addition fertilizer fertile soil has effect plant 
consumption, but materially reduces the water consumption added 
infertile soil. 

2.—Soil moisture without effect provided there sufficient for 
plant 

3.—Radiation, e., intensity sunlight, increases transpiration 
almost direct proportion. 

4.—Transpiration varies almost directly with the saturation deficit 

5.—Cool weather plants such wheat, barley, rye, oats, ete., use 
minimum water cool weather and maximum warm weather. 

6.—Warm weather plants such corn, millet, rice, sorghums, use 
minimum water warm weather and maximum cool 

7.—Wind movement increases plant consumption. 

lack carbon dioxide, the presence parasites, frequent 


cropping any other deleterious influence will increase the water 
consumption. 


far the most extensive experiments the water consumption 
plants are those Messrs. Briggs and Shantz* Akron, 1911-15. 


Journal Agricultural Research, Vol. No. and Bulletin 285, Bureau 
Plant Industry, Department Agriculture. 
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The method followed was grow plants suitable pots, with their 
surfaces sealed wax. record the amount water supplied 
during growth was kept. maturity the plants were removed and 
kiln-dried, The consumption expressed pounds water per 
pound dry matter grain produced. Table gives summary 
the results thus secured. 


MATTER AND GRAIN OBTAINED 
1911-12-13. 


POUNDS OF WATER PER 


POUND 
Crop (Mean Genus). 
Grain, Whole plant. 
Grains Wheat 518 
597 
685 
770 
794 
Hay 
Tumble Weed. 
Buffalo Grass 808 
Weeds Russian Thistle. 
Mountain Sage.. 616 
683 
Western Ragweed 948 


applying the results obtained Akron any particular locality, 
comparison conditions will indicate whether not addi- 
tions reductions should made. For forage crops, the consumption 
ratio must reduced terms cured hay, instead dry matter. 
Ordinarily about 70% the consumption for dry matter can used 
with safety. 

Making this reduction, for alfalfa and clover the water consumption 
0.42 ft. depth per ton cured hay produced. For the grains, wheat 
will require 0.03 ft.; oats, 0.02 ft.; rye, 0.04 ft., and barley and corn, 
0.025 ft. depth per bushel yield. 

With these data, possible determine for any particular 
locality, crop classification and yields, the approximate amount water 
that will required for plant growth. 


— 
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The monthly rate which water consumed may taken 
approximately proportional the monthly increment temperature 
during the period growth. Thus, assuming that growth begins April 
1st, the total plant consumption may distributed proportion the 
increase monthly temperature over that March. 

determined the amount water consumed 
plant growth, necessary determine the losses incident supply- 
ing that quantity the plants. The three sources loss, viz., evapora- 
tion, percolation and surface waste, will considered order. 

previously stated, evaporation under the partial control the 
irrigator. great saving can made irrigating deep furrows, 
cultivation and maintaining mulch the surface. For alfalfa 
hay, the water should applied just before cutting order start the 
second crop. The old plants shade the ground and diminish the effect 
wind, thus greatly reducing evaporation. 

Evaporation considered three phases according the origin 
the water evaporated: 


precipitation. 

irrigation water the time application. 

soil storage, water raised capillary action the 
surface and then evaporated. 


The amount precipitation evaporated can only fixed arbitrarily. 
Light summer showers may all lost, and heavier rains from 
75% likely dissipated. duty-of-water calculations only 
practicable consider the normal monthly precipitation. The follow- 


ing formula approximate results for temperatures above 
freezing: 


Where Evaporation from precipitation, inches per month; 
monthly temperature, degrees Fahrenheit; 


The amount irrigation water evaporated immediately following 
its application will depend the condition the soil, nature crops 
and method its application. When water first applied the rate 
evaporation high, but the quantity available for evaporation rapidly 
diminishes the water soaks into the soil. Once the soil, can 
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only evaporated being raised the surface capillarity when the 
surface becomes drier than the soil below. Experiments show that 10% 
the amount applied conservative figure for gently rolling 
level lands. For steeper lands, from 25% may allowed. 
Losses excess these quantities are readily prevented and cannot 

Evaporation from soil storage constitutes the most important source 
loss. has been found that there fairly definite relation 
between the amount evaporation, the moisture content, and tem- 
perature the top soil layer. This relation practically independent 
the nature the soil. 

When the water-table within the zone capillary rise, there 
certain moisture content the top layer which depends upon the height 
rise for that particular soil, and the position the water- 
table. For soil uniform texture, the free moisture content may, for 
practical purposes, considered vary uniformly from saturation 
the water-table zero the limit capillary rise. For example, 
consider soil with 40% voids and such fineness that the limit 
capillary rise ft. the water-table ft. below the surface, the 
free moisture content the surface will zero and there will 
evaporation. the water-table should rise ft., the free moisture 
content the top layer becomes one-fifth that saturation, 
volume, and evaporation soon begins. 

The soil properties required for the determination evaporation are 
the percentage voids and the limit capillary rise. The latter will 
vary somewhat with temperature but will found have values vary- 
ing from few inches coarse sands ft. more fine silts and 
clays. can determined packing soils long glass tubes closed 
the bottom with muslin. The bottoms are then set shallow tank 
water and the height which the water rises observed. may 
require several months determine this limit the finer soils. 

The results secured Charles Lee,* Am. E., Owens 
Valley, California, constitute the only data soil evaporation extending 
over entire year. His results also include the transpiration salt 
grass. The loss was measured from buried tanks which the water- 
table was maintained various levels. Table given summary 
his results. 


Water Supply Paper 294, Geological Survey. 
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EVAPORATION PER MONTH, INCHES, FROM No.: 
Period. 
Average depth ground-water, inches. 
& 
3.2 0.2 1.9 1.8 1.6 4.2 5.8 
0.9 3.7 4.1 4.2 5.6 5.7 
4.6 5.2 6.7 8.0 7.8 
4.4 1.5 5.8 8.4 5.7 
0.9 2.8 3.9 4.0 
2.6 0.4 0.9 1.5 
2.4 0.2 0.6 0.6 0.4 1.0 
2.5 0.2 0.4 0.4 0.6 
0.1 0.5 0.1 0.2 0.4 0.7 
0.1 0.5 0.1 0.2 
0.8 1.1 1.7 8.7 
3.6 2.2 4.7 6.0 5.6 
the absence more complete information, the following formula 
for soil evaporation presented. The only claim for that 
approximately fits the results Lee’s experiments Owens Valley. 


which 


E,= Evaporation from soil, inches per month; 

Depth the water-table; 

Height capillary rise; 

Mean monthly temperature; 

Factor having value unity for the Owens Valley 
experiments. 


The results obtained Sleight,* Jun. Am. Soc. E., the 
laboratories indicate that the above formula would approxi- 
mately applicable them the results covered entire year. Indi- 


vidual months are likely error where air temperatures are used, 
but the entire year such errors are compensating. 


from the Surfaces Water and River-bed Journal 
Agricultural Research, July 30th, 1917. 
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The following shows the agreement between the evaporation the 
formula and that measured Owens Valley for the year from June, 
1910, May, 1911, inclusive: 


Tank No. Observed. Formula. 


The soil Tanks and was stratified sand and clay. the 
other tanks the soil was uniform texture, “mixture clay, soil 
and fine sand”. Tank was covered with in. clean river sand and 
the water-table was always this sand, while the others were covered 
with the original salt grass sod. This explains the error the formula 

Where ground-water not evidence, the formula may written 

which 
Percentage voids the soil; 


moisture content the soil, percentage 
volume. 


the soil shaded crops covered with mulch well 
cultivated, substantial reduction must made. This provided for 
the factor which has decreasing values the crop growth 
advances. Since crop growth largely influenced temperature, the 
factor may expressed terms mean monthly temperature. The 
following suggested for the case diversified farm crops well 
cultivated: 


Percolation.—Percolation from two sources: (1) irrigation water, 
and (2) precipitation. 

has been thoroughly demonstrated practice that the amount 
irrigation water lost percolation entirely under the control the 
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irrigator, provided his supply sufficiently elastic permit him 
adopt the proper methods application. 

the arid regions enough percolation from both sources must 
occur overbalance the evaporation from soil storage. this done, 
there can accumulation alkali the upper soil layers. Any 
percolation excess that required prevent alkali accumulations 
cannot considered beneficial use water. 


The amount percolation from precipitation governed three 
factors: 


1.—Topography. 
2.—Character soil and crops. 
3.—Amount and character precipitation. 


the arid regions there comparatively little loss from this source. 
During snowfall, percolation deferred until snow melting and 
the frost out the ground. 


The following formula may used give approximate results for 
monthly values precipitation more than in.; for values less than 
in. may safely assumed that there will loss. 


which 
from precipitation, inches per month; 
monthly precipitation, inches. 


factor having the following values: 
For level gently rolling lands sandy 1.0 
For very sandy gravelly lands.. 


Percolation from both precipitation and irrigation water continues 
throughout the year, evidenced measured outflow from drains. 
The calculations for duty water are greatly simplified 
assumed occur simultaneously with the evaporation losses from 
soil storage. After the total amount for the year has thus been deter- 
mined, may redistributed accordance with the following average 
percentages the total: 
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Month. Percentage. Month. Percentage. 


The year...............100 


Surface Waste.—This loss also from the same two sources—irriga- 
tion water and precipitation. That from irrigation water entirely 
under the control the irrigator, and although possible eliminate 
all loss from this source not practicable so. 

Surface waste from nearly thousand separate tracts was measured 
Idaho Mr. Don Bark* during his “Duty Water Studies” for 
that State. result these investigations, Mr. Bark states that 
“under Idaho conditions, from 124% the amount applied should 
allowed water right contracts” for surface waste. level 
gently rolling land, about 10% may taken liberal figure. 
steeper lands allowance 15% the amount applied may justi- 
fied. sandy gravelly soils, these figures should halved, and 
clay soils they should increased one-third. 

The surface waste from precipitation generally called run-off, 
and governed the same factors percdlation from precipitation, 
but different degrees. guide the following formula may used: 


Where Surface waste from precipitation, inches per month; 
Monthly precipitation, inches. 


factor having the following values: 


The monthly distribution surface waste concurrent with the 
supply. 


Reports, State Engineer Idaho, 
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THE Net Duty WATER. 


determining the duty water for any particular set conditions 
necessary consider the entire year, not the irrigation season 
alone. Two fundamental criteria will advanced which the correct- 
ness any such determination may judged. They are: 


1.—The total quantity water received during the mean year must 
such neither increase nor deplete the soil storage beyond pre- 
determined quantity that most advantageous plant 

2.—The total amount percolation must overbalance the evapora- 
tion originating from soil storage. 


applying the first criterion, necessary determine the limits 
between which the soil storage may allowed fluctuate without harm 
the plants. Then fix the amount irrigation water applied 
such that, after adding thereto the mean precipitation and deducting 
therefrom the plant consumption and necessary losses, the amount 
water soil storage remains between these limits and the end 
the year has the same value the beginning. 

The optimum free moisture content for healthy farm crops known 
such that the soil voids are from 60% filled with water, leav- 
ing the remaining space for air. 

The minimum free moisture content quantity that will just 
maintain plant growth without wilting. The wilting point was found 
from over 1300 such that the free moisture was 
one-half the hygroscopic moisture. The minimum free moisture content 
therefore may safely taken double that which wilting occurs, 
just equal the moisture. 

For diversified farm crops, only necessary consider depth 
soil equal the root zone plants, and experience farm drainage 
has proven that ft. should kept free ground-water. Therefore 
computations may safely based the upper ft. soil. 

What optimum soil moisture 60% voids filled with water, 
and minimum soil moisture double that the wilting point, mean, 
inches depths over ft. soil, are given Table last two 


columns show the upper and lower limits between which the soil storage 
should maintained. 


“Water Requirements Bulletin 285, Bureau Plant Industry, 
Department Agriculture, 
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Optimum free Minimum free 


Soil. moisture moisture 

Voids. content. content, 
Fine sandy loam...... 16.2 


Some the coarser soils will not hold the optimum moisture con- 
tent capillarity. Hence, decided waste water try main- 
tain moisture content greater than the capillary capacity the soil 
question. 

The second criterion based the fact that humid regions 
where the percolation exceeds soil evaporation, there are surface 
accumulations alkali. the other hand, such accumulations are 
always evidence wherever the upward movement water the soil 
not overbalanced the downward movement. 

With these two criteria guide, possible determine the 
amount water required maintain any desired degree soil moist- 
ure, which, effect constitutes the net Duty Water. This quantity 
the amount required balance the receipts and disbursements 
water the land during the mean year. 

The physical factors that must known advance are: 


1.—Soil characteristics porosity, height capillary rise, 
capacity, depth and uniformity texture. 

2.—Topography. 

3.—Mean monthly and mean annual temperature. 

4.—Mean monthly and mean annual precipitation. 

5.—Probable crops and yields. 


making the may first arrive approximate values 
using the mean annual climatic factors. 


Let Mean annual precipitation; 
Irrigation water applied (net duty) 
Total annual plant consumption; 
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and Total annual percolation loss from irrigation water 
and from precipitation, respectively 

and Total annual surface waste from irrigation water and 
from precipitation, respectively 

Evaporation from irrigation water, precipitation and 

soil storage, respectively. 


Balancing the total water receipts and disbursements the land, 
may write: 
this expression, and are known, independent quantities, 


terms From the second criterion, also have: 


But itself function both and and the monthly tem- 
peratures, tentative solution only possible. 

will found that the net duty, will given terms either 
average soil moisture content the position the water-table, which 
turn index the soil moisture above it. 

can determine the most advantageous soil moisture con- 
tent for the particular case hand, may fix the net duty water. 


STATES RECLAMATION SERVICE. 


The application the foregoing principles will illustrated 
concrete example. The Boise Project Idaho will used, since the 
duty water there has been fairly well determined. 

Plant crop statistical reports the United 
States Reclamation Service were averaged for the years 1914-1917 in- 
clusive. The acreage used that 1917. The plant consumptions 


determined Akron, Colo., were applied without reduction for climatic 
differences. 


shown Table mean plant consumption 1.06 ft. 12.7 
in. per year was indicated. distributing this amount assumed 
that growth begins April and that the distribution proportional 


the increase mean monthly temperature over that March, 
Table 


t 
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PLANT CONSUMPTION. 


Crop. Acres, 

Depth,in 

fee 
090 8.9 tons 1.66 800 


Mean 


| ~ 


losses from precipitation and the net amount 


going soil storage are next found from Formulas (1), (3) and (4), 
Table 


TABLE Loss anp Amount 


Total Tosoil 

January..... 1.9 29.3 0.4 0.1 0.4 0.9 1.0 
February..... 1.4 33.8 0.4 0.0 0.3 0.7 0.7 
1.2 50.1 0.5 0.1 0.2 0.8 0.4 
1.3 57.6 0.7 0.0 0.2 0.9 0.4 
0.9 66.0 0.6 0.0 0.1 0.7 0.2 
0.2 72.8 0.2 0.0 0.0 0.2 
0.4 61.9 0.0 0.0 0.4 0.0 
0.8 0.8 0.0 0.1 0.5 0.4 
December......... 0.4 0.1 0.4 0.9 0.9 
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Soil found from Formulas (3) and (4). The 
soil assumed average ft. depth and level gently 
rolling sandy loam. average soil porosity 40% was used. The 
water-table was assumed either naturally, kept drainage, 
below the 5-ft. level. 


The monthly expressions for evaporation from soil storage are thus 


0.0 0.0 
October 18.3 0.77 
7.6 0.91 

0.2 0.0 


The year 


The last column shows the multipliers the average monthly free 
soil moisture content, obtain the soil evaporation for that month. 

order definitely fix the amount irrigation water applied, 
first fix the desired average amount soil moisture maintained. 
The distribution moisture the soil anything but uniform, and 
there always movement moisture from the wet the dry soil 
capillary action. only practicable, however, consider the average 
monthly free moisture content these calculations. 

Now substitute Equation (7) the values already determined, and, 
obtain the net duty terms average soil moisture: 


Now substitute for twelve times its mean annual value and 


From Equation (10) evident that maintain average soil 
moisture 10%, requires 25.5 in. irrigation water; 124% 
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requires 29.5 in., and 15% requires 33.5 in. These, however, are only 
tentative values for selecting trial value 

The proper average soil moisture for the standard farm crops 
fruitful line research which there are little actual data. 
believed for the case hand that average soil moisture 
14% should maintained, hence trial value in. will 
taken with the monthly distribution indicated Table 


TABLE 


Month. Percentage 


total. 

100 80.0 


Now deduct the plant consumption and all determined losses from 
the sum and the remainder the amount lost soil evaporation 
and percolation irrigation water. the first calculation, and 
are assumed concurrent losses. probable value for soil moisture 
for April assumed desirable the beginning the irrigation sea- 
son. This percentage soil moisture applied the multiplier for 
(Table order obtain the value for the succeeding month. 
Double this quantity then deducted from the remainder avail- 
able for and obtain the increment decrement soil storage 
which, turn, gives the soil moisture increment decrement from 
which the average soil moisture for the next month obtained. this 
manner, repeated trials, value soil moisture the beginning 
the season found such that the total soil evaporation equal 
half the remainder available. 

The monthly values soil moisture must remain within the pre- 
scribed limits optimum and minimum values heretofore established 
and the algebraic sum the increments thereto must zero. this 
cannot obtained with the assumed value, new value tried 
until value found that will balance the receipts and disbursements 


_of the soil, maintain the soil storage between the prescribed limits and 


7 

| 

| 


DUTY WATER THE PACIFIC NORTHWEST 


neither increase nor deplete the total soil storage during the year. After 
this found the percolation loss redistributed months accord- 
ance with the schedule monthly percentages previously given, and 
the necessary adjustments soil moisture are made. 

Table shows the balance sheet for the Boise Project obtained; 
and Fig. the principal data are shown graphically. 


RECEIPTS 


Percent- 
Evapora- 

tion Percola- Surface Plant con- age 

inches. 


1.9 0.4 0.4 0.4 1.2 13.4 
February 1.4 0.5 0.8 1.15 18.8 
1.4 1.15 0.5 0.3 129 
2.4 1.4 0.65 0.3 0.8 11.7 
4.9 1.95 0.8 0.6 1.6 4.95 11.8 
7.2 2.0 1.05 0.7 2.8 6.55 13.1 
August..... 2.1 1.05 0.7 2.8 6.65 14.8 
2.0 0.4 1.8 5.2 12.8 
October.... 1.6 0.75 0.4 0.7 12.2 
November.. 0.8 0.7 0.5 0.1 1.8 11.4 
December.. 1.8 0.4 0.5 0.4 1.3 12.2 


Summarizing the various quantities, Table obtained. 


TABLE 


Percentage 
Depth, inches. total. 


RECEIPTS: 
Precipitation 12.8 42.8 100 
DISBURSEMENTS: 
8.15 
5.2 
0.4 
Surface waste........... 2.2 
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Note that the total percolation loss 8.55 in. overbalances the soil 
evaporation loss 8.15 in. 5%, and that all the other criteria out- 
lined are complied with. 

order judge the consistency these figures, study was 
made the actual use water and crop statistics three projects 
the United States Reclamation Service for the four years in- 
clusive, with the results given Table 11. 


Per 


Depth fhe Land, Inches, 


Irrigation Water 


» 


the Klamath Project only 48% the total water received was 
lost. The soil this project such that the danger waterlogging 
the land has led the irrigators use comparatively small 
water, about 1.0 ft. being artificially applied. 
the Boise Project the average water received was 42.5 in., 
which 72% was lost. the previous analysis, total receipt 42.8 


Free 
Total Receipts 
Disbursements 
2) 
a a | 
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Total 
Plant con- 
water 
Project. Year. sumption, 
ported: received, Depth, |Percenta 
Klamath...... 1914 850 1.51 0.77 0.74 
1915 810 1.41 0.69 0.72 
1916 020 1.29 0.66 
1917 510 1.18 0.78 0.40 
Mean 050 1.84 0.70 0.64 
1915 400 3.38 0.96 2.42 
1916 830 4.10 1.17 2.98 
1917 350 1,06 2.89 
Mean 720 8.55 1.01 2.54 
Truckee-Carson......... 1914 330 0.98 2.40 
1915 610 8.29 0.90 2.39 
1917 190 1.06 .14 
Mean.. 850 8.82 0.99 


Includes precipitation. 


in. was determined necessary, which 70% lost. this amount 
12.8 in. precipitation and in. irrigation water. The agreement 
between the theoretical requirements and the average used during the 
four years striking. 

Mr. Bark’s conclusions are that: “The duty for projects planted 
diversified crops the average clay loam soils South Idaho should 
sufficient that acre-feet can retained each irrigated 
and that waste 124% should provided individuals over and 
above that amount. This makes in., which comparable with the 
analytically determined duty for the Boise District 

conclusion well remember that hard and fast rules can 
laid down, and exact formulas cannot Such analysis 
that here outlined study nice approximations which 
consistency and common sense play important parts. Such analyses are 
necessarily based the average, mean climatic, year. season 
exactly parallels the mean year. dry years the amount irrigation 
water should, theoretically, increased and during wet years should 
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reduced. These yearly variations, however, can rarely taken into 
consideration the design irrigation works. The only practicable 
method base the design the mean requirements and add margin 
safety for contingencies. 

the application water crops, there growing tendency 
follow more scientific methods and thus eliminate unnecessary waste. 
The amount soil moisture the best possible index the necessity 
for irrigation and also the amount applied. this 
index has not been generally used because the difficulty with which 
the amount soil moisture could determined. this connection, 
perhaps fitting add that the writer has recently designed soil 
moisture indicator. This instrument intended placed the 
ground permanently, and indicates the surface the relative amount 
free moisture the soil any desired depth. 
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WATER SUPPLY FOR THE CAMPS, CANTONMENTS, 
AND OTHER PROJECTS BUILT THE 
CONSTRUCTION DIVISION THE 
UNITED STATES ARMY 


Discussion* 


Maury. 


asks whether, with the experience thus far gained, the writer would, 
similar demand for advice the Government, recommend the same 
per capita allowance. this the writer would unhesitatingly reply 
that, under similar conditions, would. This answer should not, 
however, construed apply without exception all sorts Gov- 
ernment activities, peace well war. 

time peace, restrictive regulations and military discipline 
generally are apt less rigidly enforced than time war. 
Furthermore, time peace exceedingly unlikely that any army 
post would garrisoned its full capacity, and was observed 
every case that the number men any camp was reduced, the per 
capita consumption increased, and vice versa. 

The capacity the water system should great enough give 
each man his proper daily allowance, assuming the camp fully 
Then, large number men are ordered away, 
expected that the per capita consumption will increase, because 
all the leakage and part the waste will continue before; but there 
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will still enough water for the men remaining, and the increase 
per capita consumption will not have nearly bad effect would 
the case resulted actual shortage water. 

was the writer’s observation that, rule, the per capita con- 
sumption the older and permanent posts was extravagantly high, 
often several hundred gallons per day. This was due part the 
large quantities water used for lawn sprinkling; part seriously 
defective plumbing, especially Coast Defense Fortifications, where 
brackish water had caused many leaks; and part waste water 
the officers’ quarters. 

What man gets for nothing, neither appreciates nor conserves. 
all the officers’ quarters were metered, with water furnished free 
the amount of, say, gal. per day for each occupant the quarters, 
and good stiff meter rate added for all water used the quarters 
excess that allowance, much could accomplished the way 
reducing the consumption these army posts. 

The writer well aware, however, that the enforcement this 
regulation would add nothing the popularity the already much- 
abused Utility Officer, and that for few days after rendering his 
monthly water bills, might feel tempted absent himself from 
the officers’ mess and club. 

reply Mr. Dunham’s second question, the writer would state 
that the water-works systems the cantonments were designed 
furnish, addition one-quarter the peak rate domestic con- 
sumption for fully occupied camp, water for fire purposes the 
rate 2000 gal. per min., net pressure not less than lb. 
per sq. in. any hydrants the distribution system. The 
fire-drill regulations made the definite duty certain designated 
individuals shut off, soon the fire alarm was sounded, every 
fixture from which water might drawn for purposes other than 
fire-fighting, except those necessary for cooking purposes. There were 
two principal mains, 480 ft. apart, running through each regimental 
unit, with hydrants spaced only 215 ft. apart each main, that 
twelve streams could concentrated any building between the 
mains, without laying any line hose longer than 350 ft. The short- 
ness the lines hose and the use small hose nozzles, only in. 
diameter, combined give very small friction losses through the 
hose. There was good separation buildings—40 ft. between two- 
story buildings, and ft. between one-story buildings between 
one-story and two-story building. There were also fire gaps 
300 ft. between brigade units groups buildings. Plenty men 
were available, course, handle the hose and the hydrants. 

The net effect all these specifications was that any building could 
attacked from many different directions large number fire 
streams, with good nozzle pressure and good horizontal projection 
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stream. The results obtained extinguishing fires and keep- 
ing down fire losses were summarized the writer’s paper.* 

Mr. Waldo asks whether the writer would recommend 
the form contract used building the cantonments for general 
adoption time peace. 

That form contract was unquestionably the only one under 
which the cantonments could have been constructed within the time 
allowed. Its development was almost stroke genius the part 
the members the Advisory Committee referred the 
and this especially true genius defined “an infinite capacity 
for taking pains”, for that contract represented weeks the most 
careful study some the brightest minds the Profession. 

The writer, however, concurs Mr. Smith’s opinion that the 
cost-plus-a-fixed-fee contract not one which should be. universally 
adopted for all construction time peace, and especially where 
speed not vital importance. 

conclusion, the writer fully realizes his good fortune having 
had his paper discussed many his personal friends, and 
would again remind his readers that the design and construction 
the water-works for the army activities were sense one-man job, 
and that the credit for such results were obtained should shared 
all the many men who had hand the work. 

Proceedings, Am. Soc. E., August, 1919, 443. 


Proceedings, Am. Soc. E., September, 1919, 655. 
Proceedings, Am. Soc. E., August, 1919, 400. 


aury. 


Mr. 
4 
; 
; 
| 
~ 


3 

3 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


GROUTING OPERATIONS, 
CATSKILL WATER SUPPLY 


Discussion* 


his appreciation the great value this paper constructing engi- 
neers. Not only the subject one much importance, but the authors 
are especially qualified present the paper because their first-hand 
knowledge the operations which they describe. Its»value enhanced 
the fact that was prepared while the work was still fresh mind, 
consultation with those familiar with all the details the operations 
and with all the records available. Many lessons learned great cost 
works construction are lost those who take similar work 
later period because the organization that learned and applied them 
broken completion the work, leaving behind only what recent 
writer has described “dead and fragmentary records” which are prac- 
tically lost when they are filed away some vault for safe keeping. The 
construction large water supply systems like those the Catskill 
project not continuous performance, Sometimes there are intervals 
many years between the completion one project and the beginning 
another, and the earlier work largely forgotten when the later one 
undertaken. record the unusual features design and con- 
struction not left behind some such form the paper under dis- 
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cussion, those who take similar studies some future time must 
over the same ground and inevitably make some the same mistakes 
their predecessors. 

The grouting methods the Catskill work were highly developed, and 
were successful result willingness experiment practical 
ways and the large experience gained work such magnitude 
and varying conditions. extremely fortunate, therefore, that this 
interesting paper has been prepared describing the methods adopted, 
and hoped that the Chief Engineer will suggest his staff the 
preparation other equally valuable papers descriptive such features 
the work, for example the deep pressure tunnels for which there 
was little precedent earlier projects. 

The speaker’s first experience with grouting was the grade tun- 
nels the so-called New Croton Aqueduct during the years 1888 
1890. This tunnel was lined with brick backed with rubble masonry. 
The brickwork and rubble were laid first natural cement mortar, 
but the later stages the work Portland cement mortar was used. 
account the unfortunate conditions then prevailing, for which the 
engineers were way responsible, became necessary repair long 
stretches defective masonry lining. was the practice some 
the contractors omit most the mortar the rubble masonry and 
some cases omit the rubble masonry altogether. The work 
was done such wholesale manner that was necessary organize 
for the repairs comprehensive way. Where the brickwork was 
defective and where there existed large voids the backing, was 
course necessary tear out and rebuild. Where was case supply- 
ing the mortar the rubble backing after considerable 
discussion and experimenting, resort to.grouting methods. 

experimental period had passed through first. Holes 
were drilled through the brick side-walls and thick mixture grout 
was poured into them means funnels. This method, course, 
could not adopted the upper portions the arch, nor could any 
pressure applied the grouting. was retail way 
doing wholesale job and was soon discarded. 

The method later adopted, and which proved successful for the 
work hand, required the use hand-operated Douglass pumps. 
mixture natural cement and sand was mixed hand open 
boxes and pumped through holes drilled the brickwork. Natural 
cement, was then called, “American” cement, was used because 
much the masonry was specified laid with that cement. 
order insure practically continuous pumping two boxes were used, 
the mixing going one while the charge was being pumped from the 
other. set nine holes was drilled every ft. the side-walls and 
the arch. The metal nozzle the discharge hose, wrapped with cloth 
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burlap, was driven into these holes and the grout was pumped re- 
fusal. Usually four men were used the handles the pumps, the 
number being increased six when the pumping was hard. The lower 
holes each side were grouted first and the key holes last. The grout 
was driven long distances, sometimes several hundred feet, and fre- 
quently was lifted over the arch from the lower holes the side-walls. 
Grouting one hole frequently blocked many others, but the latter were 
subsequently tried and sometimes took appreciable amount grout. 

Prior and subsequent the first grouting the masonry was carefully 
sounded with steel rods for indications cavities other defects. 
Those engaged such work soon became very expert and could tell 
general way from the tone given out the rod whether not the brick- 
work and its backing were defective. Where the soundings the drill 
holes, together with the cross-sections, indicated the existence large 
cavities, where the brickwork was defective, test holes were cut and 
the defective work removed and rebuilt far necessary before any 
grouting was done the vicinity. After the first grouting, another set 
holes was drilled and grouted where soundings indicated that further 
work was necessary. Again the work was sounded and third grouting 
was done the limited number places requiring it. 

the report the Aqueduct Commissioners for 1887 1895 
general description this grouting the Chief Engineer, and state- 
ment made him that 384 700 bbl. cement all were used for 
grouting, exclusive the cement used for the reconstruction de- 
fective missing masonry hand. this amount probably 15% was 
wasted through leakage and other causes. the purpose the work 
was fill voids the masonry backing, attempt was made grout 
seams the rock. The methods were crude compared with those used 
the Catskill work, but accomplished the results desired. While the 
voids were almost completely filled with grout appeared the 
speaker’s observations that the latter did not set well. Samples taken 
out the speaker year afterward showed the natural cement 
chalky consistency, with little strength. Apparently, natural 
cement not suitable for grouting work except cases where its func- 
tion merely fill voids. Where strength and density are essential 
requirements only Portland cement should used. 

Grout was used extensively and successfully the construction 
the tunnels the subway system New York City. This grouting 
was important, but generally speaking was not such difficult char- 
acter that the Catskill work. earth and rock tunnels, grouting 
was done fill the voids which always exist over the concrete arch and 
reduce leakage. was done the soft ground shield-driven tunnels 
adjacent the East River prevent settlement ground overhead, 
and where the work was done compressed air under and the vicin- 
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ity the East River reduce the loss air from the tunnels. The 
methods have been quite successful accomplishing these objects. The 
pressures used have not been high, corresponding those used the 
grouting described the authors. 

Within the past year, grouting was successfully used reduce the 
leakage the Canal Street Station the New York Municipal Rail- 
way subway from considerably more than 100 gal. per min. less than 
gal. per min. The work was most difficult nature and the excel- 
lent results were accomplished only because the engineers direct 
charge were possessed intimate knowledge modern grouting 
methods and their limitations. The speaker will not into the details, 
understands that they have been covered the written discussion 
Mayell, Am. Soc. E., who was the Assistant 
Division Engineer the work. The guidance Freeman, 
Am. Soe. E., formerly the Engineering Staff the Board 
Water Supply, was invaluable this work. 

apparent from the authors’ description that the concrete the 
tunnel and shaft lining excellent quality, due the great care 
taken placing it. Otherwise, the speaker convinced that the grout- 
ing would not have been success. accomplish the results described 
was essential that the concrete strong and dense. Grouting will 
not change poor concrete into good concrete and adds little nothing 
the strength poor concrete. obtain good concrete neces- 
sary not only mix properly, but keep all water pressure away 
from while setting. will porous unless this done, many 
engineers have found when they did not take proper precautions. 

Grouting expensive, and secure the best results the least cost 
and the quickest time wise employ only those experienced 
such work. start with untrained force usually results discour- 
agement and sometimes the abandonment the work. After the men 
are well broken they seem develop instinct for doing the work 
the right way the shortest time and accomplish what before seemed 
impossible. 

the grouting work under contract done carefully and 
thoroughly was the Catskill work necessary draw 
the specifications with care and make provision, was done that 
work, pay the contractor for each step the operations. For ex- 
ample, the cost the contractor moving the apparatus and mak- 
ing connections the grout pipes considerable and sometimes many 
connections are made pipes which take grout. payment made 
merely the basis grout pumped in, this would work hardship 
the contractor who would receive payment for the work done those 
holes into which grout was forced. the case the Catskill work 
payment was made under unit prices for each connection made. 
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The authors state, referring the cement, “experiments show that 
the finer the grinding, the greater the loss the strength the grout 
account the more thorough hydration the cement. The coarse 
particles impart strength the cement, and, for that reason, very fine 
grinding may not desirable.” This interesting, and contrary 
the idea the speaker, who had been the opinion that finely ground 
cement would better for this and for all other purposes. Where sand 
used must very fine, the authors point out, prevent segre- 
gation well clogging the holes. 

the discussion preceding the preparation the Catskill tunnel 
contracts the speaker favored the cut-off walls mentioned the authors. 
was believed that confining the grouting relatively short 
stretches tunnel and completing each stretch before passing an- 
other the cement and sand would not segregate and that better results 
would obtained. Experience, however, showed that they did not work 
out well practice and hence their use was discontinued. 

The authors point out the care necessary prevent blast air 
following the charge grout where the tank machines are used. Where 
small spaces are filled completely and the amount grout, conse- 
quently, small, has been found advisable many cases use 
hand pump, thus avoiding the objection trapping the cavity air 
which prevents complete filling the hole. 

has been assumed many that grouting could used 
solidify unstable sand foundations, particularly where the sand fine 
and saturated. The speaker has seen number uasucessful attempts 
made this. Perhaps with infinite pains and great expense some- 
thing could accomplished this direction, but does not believe 

interest connection with the treatment dam foundations 
attention called the paper Charles Gowen, Am. Soc. E., 
entitled “The Foundations the New Croton wherein 
described the novel method used fill with clay the voids existing 
limestone cave under the dam. Plastic clay the form “sausages” 
cylinders was fed into casing pipe which had been carried from the 
cavity 100 ft. and bedded the masonry the dam. The clay 
was driven means pile-driver. The details are well described 
Mr. Gowen’s paper, and stated that total 951 clay was 
driven, apparently completely filling the cavity, evidenced the ris- 
ing the clay tell-tale pipe outside the dam structure. the 
speaker’s opinion the method thus described could used many cases 
where the problem merely fill voids with water-tight material and 
where not necessary use material that will solidify like cement. 
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record many years work under greatly varying conditions. The 
widely diversified aqueduct work provided opportunity for the devel- 
opment new ideas, and the miles pressure tunnel offered much 
better opportunity than has before presented itself for the further devel- 
opment and perfecting grouting methods. Due the great number 
men engaged and the variety ideas that were presented, 
safe say that more has been done develop and put record meth- 
ods that will useful the future those undertaking such. work 
than ever before. 

part every one’s duty place the archives the Society 
records methods that have been developed, for the benefit others 
coming after which will help the wayfarer looking for assistance 
along the road. Mr. Ridgway has stated that hoped the speaker 
would suggest other papers. has done so; but, due the war and 
perhaps also the fact (which should matter for congratulation) 
that most cases the men best suited write these papers have gone 
better positions before their work was finished and before they had 
time so, the proposed papers have not been prepared. 

The speaker still hopes that some the men, although they are 
longer connected with the work, will undertake present series 
papers which will cover all the special features the Catskill Aqueduct. 
The one that wants see more than any other comprehensive 
paper the pressure tunnels, because the pressure tunnels, the grout- 
ing which fully described this paper, were among the prin- 
cipal features this work. 

the speaker had undertaken have-a number the engineers 
submit the data and had himself prepared this paper, sure would 
have been very unhappy. could not have done well they have, 
and much better for those who have been close the work and who 
have really done the work, obtain whatever glory credit publicity 
may come them through the presentation such paper this. 

The authors have said that this paper was prepared the speaker’s 
suggestion. Well, such suggestions are part his religion. believes 
that man the position has been owes his associates (there 
have been assistants this job) see that they have chance de- 
velop, and help them onward and upward. the duty all the 
members the Society who are executive positions what they 
can develop the younger men, allow them accept responsibility, 
force them. place such responsibility brings results which 
would beneficial any project. 

Lazarus Assoc. Am. Soo. E.—This paper thor- 
ough and covers the subject well that difficult enlarge upon 
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but might obtained due the great emphasis the grouting opera- 
tions; that is, that the water-tightness the tunnel was due almost en- 
tirely the grouting, and that the concrete tunnel lining itself 
minor importance. This, the opinion the speaker, would un- 
fortunate, for, Mr. Ridgway remarked, the tunnel lining itself 
primary importance and without thoroughly good lining would 
hopeless secure water-tightness for effective grouting. Those who ex- 
amined the tunnel will bear witness the fact that the lining was first- 
class with very few visible defects. get good lining, every care was 
taken leading the water off with drip-pans and grout pipes, the 
authors describe. This prevented damage the lining; allowing the 
concrete set while was entirely relieved water pressure and water 
percolation. The same drip-pans and grout pipes which primarily 
served lead off the water and protect the lining were the instruments 
for the subsequent grouting. 

Had the vent pipes been blocked, the lining itself would found 
very tight without the grouting. one instance this was done, and 
the lining withstood pressure 135 lb. per sq. in. without leakage. 
This was described the authors. The grouting, the opinion the 
speaker, was primarily designed back the lining, and transfer 
the internal pressure through the concrete and grout the rock backing. 
the rock pressure tunnels which, after all, carries the pressure, 
and must necessarily carry it. cases where sections the tunnel 
lining failed, was due the fact that the rock backing was unable 
carry the heavy internal pressure. the Rondout Tunnel there 


were heavy layers limestone between which were layers greasy clay, 


and when the internal pressure was applied, the strata moved, cracking 
the lining. These stretches were repaired putting steel lining 
withstanding the internal pressure without the aid the 
rock. 

the authors have stated, there were people who predicted that the 
lining would fail very numerous cases, and favored the use con- 
tinuous steel lining take the internal pressure independently the 
rock. was decided that this would too expensive, and would 
cheaper test the tunnels hydrostatically and repair the weak spots 
places where that was necessary. This was done and resulted great 
economy. 

noted that the grouting operations the end the work 
were quite different from those the beginning, and much simpler. 
elaborate arrangement grout pipe, drip-pans, cut-off walls, collecting 
pipes, etc., which were first shown the design, were later dispensed 
with. The grouting methods which were subsequently used the 
aqueduct were the result great deal experience and developed 
from many years work. 


it. There one impression which the authors did not intend convey, Mr. 


ite. 


| 
4 
. 


Mr. 
White. 
Mr. 
Hogan. 
q 


492 DISCUSSION GROUTING OPERATIONS [Papers. 


The impression might given from the statement the authors 
page 60* that the grouting behind the pneumatic caissons was responsi- 
ble for their tightness when the air was taken off. The sealing these 
caissons was accomplished the simple expedient dropping them 
bench concrete that the cutting edges compressed heavy 
wad oakum. Immediately after this the air was withdrawn, and 
the caissons were very dry. The grouting subsequently done behind 
the caissons was the nature backing them and making more 
permanent the sealing accomplished the oakum. 


itself that there very little that can added it. The only thing 
that any one can discussing attempt emphasize bring 
out more strongly some the points covered. 

the points that the speaker would like emphasize one 
which Mr. White also has made, that order successful grouting 
must simple. Complicated systems connecting pipes and elbows, 
leading large amount water given point, and attempts 
grout large area during one operation, never succeed. Straight pipes 
and small drip-pans are needed. small drip-pan necessary for 
two reasons: first, order that may grouted successfully, and, 
second, avoid bringing too large area the tunnel lining under 
pressure. The latter requirement became very important high-pres- 
sure grouting, particularly the Hudson River Siphon, where 
grouting pressure 700 lb. per sq. in. was used. some cases that 
‘work where the lining ruptured, there was evidence that the drip-pans 
were too large, and too large areas the tunnel lining were exposed 
the high pressure grouting. 

The statement made the authors that the purpose low-pres- 
sure grouting was: “(a) primarily fill the void spaces between the 
lining and the rock, particularly above the arch, and, the same 
time, form blanket over the construction joints the arch; 
(b) fill the voids the dry-packing where the latter was used; 
and (c) fill any porous honey-combed spots the concrete.” 
anybody has had any success filling porous honey-combed spots 
concrete with grout, the speaker would like know about it, because, 
for about six weeks, experiments were made the Rondout Siphon 
impregnate leaky concrete with grout. The Board provided for this 
purpose special grouting pad ft. square and consistent and persistent 
efforts were made use it, with total net result loss time and 
loss money. The attempt grout leaky concrete with this pad was 
like trying use irresistible against immovable resistance. 
The speaker merely mentions this because the authors have carefully 
avoided any further mention the paper. One does not get grout 
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place anywhere unless one has circulation. The simplest form the 


grout pipe and the vent pipe; when you get grout out the vent pipe, 


you know the intermediate space filled. the same way filling 
grout seams, wherever there was any interconnection and circulation 
through the seams was possible get grout into the seams; but, 
general, very little progress was made attempting grout the seams 
the rock unless there were such interconnections. 

The provision sufficient vent pipes for circulation and for getting 
rid surplus water and air also enables you see what you are doing 
and what you are accomplishing. 

has been correctly stated that the lining and not the grouting was 
the primary cause the tightness the tunnel. The important thing 
placing tight lining prevent water pressure the concrete 
while setting. therefore necessary lead water through the 
concrete prevent the accumulation pressure, and necessary 
some way fill the void which existed for the purpose collecting 
water. were not for the sake permanency, the pipes leading 
through the concrete for the purpose collecting water might closed 
with iron cap, even possibly with wooden plug. The grout forced 
through these pipes, however, addition stopping permanently 
the inflow and plugging the pipe, helps back the lining over the 
area which the drip-pan covers. 

grouting large scale, special provision must made for 
the grouting pipes through the forms, particularly when steel 
forms are used. This was done the Catskill Aqueduct threading 
holes through the forms, and leaving couplings the ends pipes, 
that connections could made them readily. 

grouting large spaces, such existed the dry packing back 
the steel shell the Rondout incline, special measures are necessary. 
the incline, the time the concreting was started, there was 
inflow 1200 gal. per min. water within stretch about 180 ft. 
The placing the invert was most difficult operation account 
the necessity caring for the water the bottom, while the invert 
concrete was setting. This was successfully accomplished laying 
longitudinal 8-in. riveted steel pipe with 6-in. Y-branches. After the 
invert was placed, the steel aréh ribs and the steel shingle plates were 
erected it. The dry packing and the placing the concrete were 
carried without any difficulty. Wherever there was heavy flow from 
the rock hole was drilled back into that seam, and deep-seated pipe 
was caulked back into this hole that any water under pressure might 
led readily through the lining and allowed flow freely during the 
lining process and during the grouting the space outside the shell. 

The space grouted the dry packing was very large, averaging 
about 18-in. diameter, with radius about ft. The speaker 
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does not remember how much grout was used that shell, but perhaps 


Freeman will supply that information.* 


After the lining had been placed and the water led through 
means these deep-seated pipes, allowed drain through the dry 
packing down into the steel pipe the invert, there were really two 
stages the process grouting—filling the dry packing, and shutting 
off the water. The object was have still lake water into which 
the grout could forced under low pressure. The grouting went 
for six days; and carefully was the high-pressure water controlled 
through the deep-seated grout pipes that there was flow whatsoever 
this lake water the dry packing. 

other cases, much sand possible was used grouting the 
large spaces because was less subject churning action the air, 
because made stronger grout and because the shrinkage was less. 
general, unless grouting small seams, advisable use much 
sand the mix will carry. The amount entirely question 
experiment, but, general, about half sand and half cement can used. 
this case, however, for various reasons, sand was used; but 
believed that equally good and more economical result could have 
been obtained using sand with the cement. 

The grouting was done from the bottom up, that the grout was 
forced with least 1-ft. head grout over the inlet pipe. the 
grout had been put top and allowed settle through the 
water, the cement would have been washed that its setting would 
have been greatly retarded, not entirely prevented. After the grout 
the dry packing had set, the deep-seated pipes and the pipes 
the invert were grouted under high pressure and the inward leakage 
reduced from more than gal. per min. less than gal. per min. 

all these operations was necessary, has already been men- 
tioned, avoid excess air and the blowing air through the grout. 
connection with other operations the Rondout Tunnel, grout was 
cut out and was found very strong and dense, though 
stratified. There was not much separation the sand from the cement, 
and the strength some the samples cut out was high 118 lb. 
per sq. in., compared about 145 Ib. for concrete. 

Certain breaks the lining the tunnel were repaired means 
steel shell made with 15-in. channels. Mr. White says, the breaks 
were due adjustment the rock. There has always been question 
the mind the speaker whether number those breaks could not 
have been repaired grouting operations alone, without using the 
steel shell. However, might have been necessary put the tunnel 

Mr. Freeman stated that the total quantity neat cement injected into the 


dry-packed section the incline north Shaft No. Rondout Siphon, was 693 
bags. many 1200 bags were injected one 8-hour 
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under pressure several times and grout several times order 
accomplish that purpose. The uncertainty this procedure was too 
great, because appeared that time that possibly the work question 
might limiting factor the use the Aqueduct. 

‘It would interesting some one familiar with the actual grouting 
operations could discuss the relative value air-mixing 
mixing grout machines, and their respective uses. certain that 
there field for each. The Catskill Aqueduct was largely grouted 
use the air-mixing grout machine. However, the Hudson River 
Tunnel, where the pressures were lb., per sq. in., ordinary 
plunger pumps were used with suitable hand-mixing device attached. 
There are objections the use air-mixing grouting machines. The 
greatest objection, course, the quantity air forced with 
the charge, and the difficulty getting rid it. 

The portion the paper regard the grouting the 
the Kensico and Ashokan Dams, and particularly the grouting the 
foundations the earth dikes, has introduced very interesting pos- 
sibilities improving the foundations dams which been con- 
structed, and which the foundations have proved faulty are 
known faulty. 

did not seem the speaker that the necessity for the high-pressure 
grouting clear. The majority the work was done between 30- 
and pressure, and during this period the ground-water was allowed 
flow through certain pipes prevent the building back pres- 
sure. However, when came finally closing stretch, the active 
ground-water pressure that stretch was often high 150 250 
per sq. in.; indeed, the case the Hudson River Siphon, was 
high 500 lb. was surprising how quickly that pressure built 
the moment the pipes were closed, and was overcome this ground- 
water pressure that high-pressure grouting was necessary. 


Francis speaker was with three the 
contractors and has actually placed lot grout. Mr. Hogan 
stated, and Mr. White agreed with him, that grout did not have much 
with making tunnel tight, but the speaker begs differ. 

The speaker worked one job not many miles from New York Oity. 
was dry rock, the concrete lining was excellent, and when was 
finished and looked dry possible, was not quite dry enough for 
the that high-pressure grouting was required. For weeks 
and weeks gang men went and down that tunnel with step lad- 
ders and jack-hammer drills plugging every drop water; wherever 
the least dripping from the roof occurred hole was driven and grout 
pumped into it. When got through with that tunnel, was posi- 
tively dusty. 
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The speaker was several the other jobs that the authors 
refer and describe well. the Hudson Tunnel, used grout 
higher pressure than was stated; this was necessary because the 
head outside the tunnel was 1100 ft. and had force the water 
into the seams around the tunnel back into the crevices through which 
came. went back good deal harder than came in. used 
booster compressor the limit our air pressures, and could 
not get enough pressure this way pumped water top the 
grout with high-pressure Cameron pump, The pressure ran 
something like 1000 per sq. in., and broke out big chunks the 
lining; was good concrete, too, notwithstanding the authors’ sug- 
gestion that was little weak spots. finally got the tunnel 
pretty tight. 

Shaft the City Tunnel (which was referred the 
although has not been discussed any the speakers), drilled 
into seam sand. This sand bed was cut one the sump holes 
and strong stream water came through the hole, carrying with 
sand good-sized grains. plugged with tapered wooden 
plug, and then, because the stream had amounted some 200 gal. per 
min., decided grout it. Having made this decision, kept 
grouting this seam for about one month, but found that the sand pre- 
vented the grout from flowing into any the holes any considerable 
quantity. However, soon one hole refused drilled another and 
kept drilling and grouting until the shaft bottom looked like colander. 
There must have been several hundred holes it. 

When could not get any more grout went sinking and 
passed through the sand seam without much difficulty. found that, 
although the grout had not permeated the sand, had compacted 
that resembled soft sandstone and all through the seam found 
balls grout ranging from the size man’s fist the size his 
head. The leakage into the shaft, which came through one hole—we 
did not know how much would have amounted additional holes 
had been drilled—was cut from 200 gal. per min. This 
shows that grout can used sand under certain conditions; but 
matter how thin may be, grout will not permeate sand. 

This discussion brings mind two shafts that the speaker sank 
West Virginia before became connected with the Aqueduct work. 
The shafts were each about 275 ft. deep and took two years sink 
them. had pump about 500 gal. per min. and required nearly 
boiler all the time. The rock seams were open, and had 
known enough grout them could have saved much money and time. 

When the shaft reached the seam through which the main flow came 
in, found that carried with fine coke. Evidently the particles 
floated into crevices the rock the banks the river farther 


| 


stream, because still farther the river there were great many coke 
ovens, and after every heavy rain coke would washed in. The biggest 
seam the shaft was horizontal; must have been in. wide 
and ran nearly full water. 

One evening, going over the shaft—something had happened 
the pumps—the speaker met darky coming away. was carrying 
good-sized The writer said, “Sam, where did you get that 


And the darky replied, “Lord, boss, that came through the big 
crack the shaft”. 


Am. Soo. E.—The speaker’s experience with 
grouting confined soft ground tunnel which part the Dual 
Subway System located under Flatbush Avenue, Brooklyn, extending 
from Prospect Park Plaza Empire Boulevard. This section twin 
tunnel constructed single excavation, about one-half having been 
driven means shield and the other half timber method. 

With respect stopping leaks, three different conditions were pre- 
sented. Where the shield was started, the material penetrated was 
clay carrying great deal water. The grouting operations were 
initiated this and was the intention force only suf- 
ficient grout fill the void caused the shell the shield. The con- 
crete behind the shield was placed rings in. wide pneumatic 
process. The concrete, due the large amount water the soil, was 
porous; this condition, together with the large number construction 
joints, produced very wet tunnel. The result the attempt just 
fill the voids caused the shell the shield means the grout, 
far stopping leaks concerned, was complete failure. 

year more after this section tunnel had been completed and 
the grouting done described, another attempt was made stop the 
leaks grouting. New holes were drilled through the lining just be- 
low the springing line through which grout was forced freely. For cer- 
tain distance the tunnel was made dry; but, inasmuch grout costly, 
limit was set the amount grout used, with the result that 
where the grouting was limited, the tunnel wet. The conclusion 
drawn from this that porous concrete and construction joints 
tunnel lining can made water tight grouting, provided sufficient 
grout and pressure are used. the case question the pressure used 

Another condition, where the shield passed through what was evi- 
dently terminal moraine, the material excavated consisted boulders 
and gravel entirely free from any matrix. section tunnel this 
point, about 100 ft. long, was also wet after the lining had been com- 
pleted; and, although grout was used freely, the leaks were not entirely 
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stopped, probably due the fact that the voids the formation were 
extensive was impossible the grout into the 

The third condition was where the timber method tunneling was 
followed and where the material penetrated was clean, sharp sand 
ing large amount water, the water again causing somewhat porous 
concrete and wet.tunnel. Grout forced through pipes located 


the crown each arch under pressure about Ib. cut off all water 
and left bone-dry tunnel. 


The speaker requested the foreman, Mr. Joseph Callahan, who had 
been charge the grouting operations the work question, 
give him any information which experience had taught would useful. 
The following notes were offered response this request: 


“Tt very important have good hose and valves. The valves used 
should cleaned thoroughly every morning they will become clogged 
with grout and useless. The hose and grout kettle should washed 
out noon and blow-off valve should provided the end 
the hose that the grout gets blocked the hose, can released. 
Only cement free from lumps and finely sand should used. 
Coarse sand and lumpy cement will block the kettle and the hose and 
valves. When connections are made ready for grouting, try the air 
see whether the hole free. the air passes slowly, try thin batch 
with neat cement high pressure. The grout pipe the wall should 
cleaned out with rod. hole has been taking grout freely and 
stops suddenly, indicates block; perhaps stone has fallen into the 
grout pipe. such ease, let the grout come back into the kettle, 
close the valve the wall and open the exhaust valve; this should take 
stones with it. 

“All grout pipes should cleaned least ft. ahead the con- 
nection order release any water which may behind the wall. 
the grout shows ahead the connection, plug the pipes with wooden 
plugs. When hole not finished the end shift, blow 
little water; this will often keep the hole open until the next shift. 

“Before connecting the air pipe the kettle, blow air through pipe 
for dirt the pipe will clog the valves the kettle and cause trouble. 

“Be sure that valves are tight and that there are kinks 
the hose. valve blows off hose ‘busts’, some one liable 
hurt.” 


little this excellent paper, which covers the ground thoroughly. 
Mr. Hogan the course his discussion brought out the fact that 
impossible force grout into poor concrete. The has 
found that this true except when the concrete placed com- 
presséd air, which case grout washed the surface the concrete 
will through the concrete and fill the voids thus preventing 
the escape air from the tunnel and also decreasing the leakage into 


. | 
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the tunnel when the pressure removed. Experience gained from 
grouting the Moodna Siphon where pipes were used through the 
conerete lining shows that much better results can obtained using 
larger pipe; 2-in. pipes were used Section No. the City 
Tunnel, resulting better job grouting and economy time. 

When electric power available, more economical develop 
the compressed air means small portable compressor the grout 
tank than transport the compressed air from central plant through 
pipe lines. 

answer the question why hand pumps were used 
grouting the Catskill Aqueduct, has been the speaker’s experience 
that grouting hand pumps makeshift and only resorted 
small jobs and places where power not available too expensive 
obtain. 

Concreting the 150-ft. forms Section No. 63, which Mr. Sanborn 
has requested the speaker describe, was simple process and did not 
differ any material way from the methods used line the tunnel 
other sections the aqueduct. Sand and crushed stone passed 
gravity from bins the shaft head measuring hopper, then through 
12-in. wrought-iron pipe 1-cu. yd. mixer mounted the 
foot the shaft. The cement was mixed with water the top the 
shaft, prevent dust, and dropped though the same pipe with the coarse 
aggregate. The mixed concrete was transported 1-cu. yd., side-dump 
cars, trains cars hauled electric motors. The forms 
were built mounted trucks which traveled the same 
track used the material cars. The trains concrete cars were 
hauled incline the platform the forms electric hoist. 
The side-wall form traveled front the arch form, the two being con- 
creted the same time. Cars were dumped the platform, which was 
about in. above the springing line the tunnel, and the concrete 
was shoveled into the forms hand. 

struction two tunnels under the East River 60th Street, known 
Route 61, Broadway-Fourth Avenue Subway, there were conditions 
contend with that were exceptional, especially the leakage. There was 
water pressure exceeding Ib. per sq. in. The problem taking care 
the water under Blackwell’s Island was difficult one. 

With Holland, Am. Soc. E., Tunnel Engineer, 
Freeman, Am. Soc. E., Resident Engineer direct 
supervision the work, precisely the same those described 
this paper were used, and the results obtained were excellent. Ap- 
proximately ft. tunnel was grouted, which 5000 ft. has 
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lining. The leakage before grouting was 900 gal. per 
this was reduced, grouting, approximately,25 gal. per min. 

The writer: wishes compliment the authors the excellence 
this interesting and valucble paper. 


was much interested the grouting methods used the water tunnels, 
described authors, and especially the use grout 
varying consistencies, testify the methods are efficacious 
stopping leaks not only water tunnels but the New York subways. 

Similar methods were recently used with great success 
Freeman, Soc. the Broadway Station the Canal 
Crosstown branch the Broadway-Fourth Avenue Subway 
where considerable leakage developed after construction completed, 
and ground-water which had been lowered pumping con- 
struction régained its original elevation. 

This station entirely below mean high water, and was therefore 
enveloped water-proofing consisting two layers brick laid 
asphalt mastic. Where passed under the Interborough Subway 
Lafayette Street and the Centre Street Loop Centre Street, the water- 
proofing, instead being carried over the roof the new structure, was 
lapped the water-proofing the under side the overhead struc- 
tures. probable that slight subsidence the mastic together 
with pressure from the water head this water-proofing lap open 
slightly and admit ground-water into the subway. 

Before the ground-water had its normal level, the station 
finish was placed and the subway put operation, when the 
leakage developed the water was carried the hollow tile and through 
air spaces considerable distance from the points entry and flowed 
across the platforms causing annoyance and inconvenience 

was decided attempt stop the leaks the 
inside the structure; holes were drilled through the walls 
the general direction the water-proofing lap, and grout 
under pressures from in. The total leakage the 
start was about 160 per min., most under the two 
overhead structures.. The grouting the less than 
gal. per min. 

The grouting was done under The station plat- 
forms and which grouting operations had be: car- 
ried were crowded during rush hours and great care had 
prevent accidents. special precautions were necessary and 
constant vigilance.had exercised prevent from filling 
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the hollow tile, air spaces, lighting conduits and drains. Pressures had 
kept fairly low prevent damage the structure and the over- 
head structures. 

The great force that may exerted grout under pressure indi- 
cated the fact that the Interborough Subway, which during the con- 
struction the structure below had settled in., was raised 
from in. the grouting. This occurred after all the holes under 
the Interborough Subway had been grouted and the process “squeez- 
ing” complete the seal was operation. The squeezing was done by, 
hand grout pump with pressure gauge attached. The pressure gen- 
erally used was between and per sq. in., but this occasion 
the grout was going very slowly and the pressure was increased, 
was thought that the space between the two structures had been quite 
thoroughly grouted and that the grout could not exert pressure any 
great area the overhead subway bottom. 

damage was done the overhead structure; the contrary, the 
lifting eliminated the greater part the depression the inverts 
the Interborough structure which the operating company had thought 
might affect the drainage its tracks. 

That the results obtained were successful was due the intimate 
knowledge which Mr. Freeman had the action and effect grout 
different consistencies and his constant attention this detail. 
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AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


THE “LIGHT RAILWAYS” THE 
BATTLE FRONT FRANCE 


not generally realized that the so-called “Light Railway” was carefully 
studied, and the standards track and rolling equipment developed 
Europe during the late Originally used Decauville his plant 
Petit-Bourg, was proposed Col. Pechot (then Captain Artil- 
lery), means for the movement and supply heavy siege artillery, 
and was the object extended experiments and studies conducted 
Col. Pechot, with the collaboration Bourdon, Government engi- 
neer, during the period 1881-89. The name “Pechot” survives the 
Pechot locomotive, Type 1888, the system multiple axle trucks 
used under heavy artillery pieces, and various manufacturers’ cata- 
logues the track “System Pechot.” 

1882-85, the track now known throughout the world “Decau- 
ville” was developed the company that name and has served the 
model for most the track made Europe, and its influence readily 
traced the United States. The system developed France served 
also model for the Germans, and after tests conducted them 
1891, was adopted 1892, and standardized Army equipment 
1897.§ There record that early 1879 the Austrians had some 


This discussion (of the paper Frank Jonah, Am. Soc. E., pub- 
lished January, 1920, Proceedings, and presented the meeting March 34d, 
1920), printed Proceedings order that the views expressed may brought 
before all members for further discussion. 
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narrow gauge railway equipment for military purposes, but the writer 
unable determine when was standardized for such use. 

The Germans adopted the light railway for strategic times 
peace, supplementing their standard gauge railways toward their fron- 
tiers, but after trench warfare became fixed the recent conflict, they 
developed very dense system narrow-gauge supply lines, particu- 
the map (Plate I). general was their use the St. Mihiel area, 
that batteries and billeting areas the slopes steep hills were 
supplied direct from the main lines the valleys means funicular 
tracks. 

Originally, the writer believes, the French Army developed this ma- 
terial for use connection with siege batteries.and permanent fortifi- 
cations, but was soon realized that was also strategic, tactical, 
value, and considerable experience was gained them connection 
with the military railways built the French Zone, Morocco. From 
press reports, the French had the beginning the war about 870 
miles 60-cm. track, with locomotives, and 350 cars. the sign- 
ing the Armistice, this had been increased almost miles 
track, 900 locomotives, and 4500 cars. The American forces were re- 
ported the Chief Engineers have been operating 390 miles 
track, which about 1080 were captured German lines, 165 locomo- 
tives all classes, and 1695 cars. The writer has seen statement 
the mileage either the British German lines. 

Contrary the text, both the French and German standards for 
portable track are for rail weighing 9.5 kg. per (about lb. per yd.), 
both cases attached eight rolled steel ties per 5-m. length, the Ger- 
man track being clip-bolted shown, the French cold riveted the ties. 
The usual French rail has greater base than height, while the German 
rail has greater height than base. During the war, many sections 
were These can compared with the equal base height 
standard 20-lb. rail used the English, and the standard American 
25-lb. section. The axle concentration this track was not allowed 
exceed 3500 kg. for 0-6-0 type locomotive loading. (In this connec- 
tion, the conclusion reached British engineers India was allow 
long tons—about 3000 kg.—for the concentration rails, 
gauge track). 

The Pechot locomotive has received deal publicity since 
the opening hostilities 1914. was originally developed for use 
and around fortifications, where sharp curves and steep grades were 
necessary, and probably rendered its most notable service the steep 
hillsides and around Verdun, the very service for which was in- 
tended. The trucks are the suspended, articulated type. The fire- 
box double, with single grate, and designed that for all grades 
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less than 10% constantly submerged. The interesting thing the mr. 
general public that this. locomotive and both ways”. 


The grate area too small for heavy service. These locomotives are 
very expensive compared other types. 

locomotive the Mallet articulated type, 0-6-6- was built 
Europe before the War and received some use Morocco and fortifi- 
but whether any the light railways 
the battle front the writer never heard.. The majority the locomo- 
tives the French were the Decauville 8-ton (empty), 0-6-0 type, 
developed from, the experience.gained Morocco. 


congratulated the thorough and manner which 
has treated this interesting subject. While much has been written 
various other activities incident the conduct the war, very little 
has been done the way description the construction and opera- 
tion the “light railways.” This paper, therefore, presents the 
Profession subject comparatively new; and while relates the 
application the light-railway principle military operations, the 
civil engineer will not fail observe its availability for number 
purposes, which may prove more economical than practices 
heretofore followed. 

While serving with the Third British Army officer the 
Twelfth Engineers, endeavor discover the raison 
the “light railways”, the writer was informed that the experiences 
the winters 1914-15 and 1916-17, especially the latter, clearly indi- 
cated the danger military reverses involved adherence the 
use motor lorries for transportation between railheads and battle 
front. With the unprecedented density men the lines, 
transportation motor transport involved with 
consequent decrease mobility, well the diversion from combat 
duty large numbers men required keep the highways passable. 
was felt that the saturation point had about been reached when the 
damage done roads motor trucks hauling road repair material 
almost offset the benefits accruing the road the use said 
material. 

casting about for means ameliorating these conditions, their 
attention was called what the French styled the “Decauville” rail- 
way, usually gauge. The British decided adopt gauge 
because considerations greater mobility, less cost, and in- 
ability the enemy connect with and use case retire- 
ment before could removed. 

The writer recalls having observed the use light cer- 
tain large manufacturing plants, notably steel mills, long ago 
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years. not known whether that was another application the 
principle, mere coincidence. 

Early 1917, light railways were started experimentally behind 
one the British Armies. Their success was immediate that the 
summer that year the larger percentage transport between broad- 
gauge rail-heads and the battle front was changed from motor lorries 
the light railways. The writer was informed British officer that 
about miles single track light railway operation the Gouzeau- 
court sector permitted the abandonment the operation over 600 
motor lorries and the retirement from road maintenance labor forces 
over men. 

the back areas, steam locomotives were used; where under enemy 
observation day and night, gas tractors were employed. 
the design the steam locomotives, the saddle type water tank 
was provided, presumably because the additional adhesion available 
for tractive effort. Whatever advantage thus accrued was, the 
writer’s opinion, more than offset the decreased stability against 
overturning resulting these locomotives were “shopped”, 
the saddle tanks were sometimes removed and mounted trailer type 
tender behind the locomotive, and was remarked that the tendency 
derailment was very much reduced. 

believed that there large field for the development this 
type transportation the United States. great amount high- 
way construction now under way many States. The transport 
road material from broad-gauge railway cars the point required the 
work gas gas-electric tractors and self-dumping equipment should 
prove much more economical than the use teams. Similarly, 
there are large areas hardwood timber suitable for railway 
and other purposes, which heretofore have been considered beyond the 
limit commercial exploitation. The light railway, cheap construc- 
tion and maintenance, the track which can used over and over 
again with small cost removal, ought find field for development 
such cases. 

The author undoubtedly gave much more thorough consideration 
developing his design for the rail-head than usual under 
war-time conditions. result has succeeded obtaining the 
most. complete and practicable layout the writer has ever seen.. the 
stress war quite common for such layouts made fit the 
ground with minimum construction effort, without regard con- 
venience and facility operation. 

the design the lift bridge Void, the author has demon- 
strated not only the resourcefulness with which American civil engi- 
neers applied themselves the solution military problems, but also 
that Mars and Apollo follow different paths. 
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The Howe trusses over the Eastern’ Railway Sorcy, however, are 
evidently the result very careful and conscientious designing, and 
when considered from the standpoint military engineering, are un- 
usually pleasing the eye. The location the line from Abainville 
also shows that much thought and study was given it, and 
Col. Jonah entitled much credit for the successful results obtained. 


duction his paper, the author states that the execution the light 
railway work was almost entirely charge Engineers from civil 
life. this time when the necessity for universal military training 
for our citizens under consideration, and further, while some members 
the Society are advocating the removal from the charge the Corps 
Engineers the Army the civil works from which alone the 
officers that corps were enabled obtain practical training time 
peace the organization and conduct important engineering works— 
with the development character which results from such responsibil- 
ities—certain comments this statement are pertinent. 

the outbreak the war, accordance with the traditional policy 
our country, the United States had available pitifully small num- 
ber trained soldiers whom her great man power could trained 
and made useful for the struggle into which she had been forced. 

April 10th, 1917, there were only 256 engineer officers the 
Regular Army. the National Guard, the Engineer Service had been 
neglected and even the few engineer units that service many 
the officers were not engineers. During the war the number regular 
officers was increased 449, partly from graduates the United States 
Military Academy and partly from young graduates civil technical 
schools. these regular officers, 94% were engaged military duty 
during the war. the remainder, the majority were physically unfit 
for field work. They, assisted engineer officers the retired list 
and the United States Assistant Engineers, kept the 
charge the Corps uninterrupted operation. the outbreak 
the war, the total enlisted strength the Engineers the regular army 
was 2228, organized into units. The necessities war required 
the expansion the above 473 units, comprising 284983 men. The 
number commissioned officers was increased 886. 

manifest that this great expansion could not have been accom- 
plished efficiently without the aid the civil engineers the country. 
This aid was rendered promptly and willingly, and the final success 
our operations France manifestly due greatly their efforts. But 
there man all this number who did not regret that had not 
had previous training, least matters army organization and 


New York City. 
Received the Secretary, February 26th, 1920. 


Gene 
| 


Mr. 
Black. 


Mr. 
Wilgus. 


508 DISCUSSION LIGHT RAILWAYS THE BATTLE FRONT 


administration? Was not difficult task for many merge their 
individualities the whole and learn act simply one cog 
the great military machine? there one who did not recognize the 
waste life and treasure which follows the entering nation into 
war without proper preparation and prior training her man power? 

The author has given interesting account one item the light 
railway work our forces France. Before entered into the war 
the necessity for light railways had been established essential 
part the Army transportation system. Its zone operations from 
the rail head beyond which the standard-gauge railways cannot main- 
tained, the firing line, distance about miles ordinarily, 
although the Toul sector there was regular service over distance 
from miles. When hostilities ended 2240 km. light rail- 
ways were under American Army control, which about 300 had been 
originally constructed the French, but rehabilitated the Amer- 
icans, 200 had been constructed outright the American forces and 
had been captured from the Germans. 

February 1st, 1919, American-operated light railways hauled 
860 600 tons ammunition, forage, rations, water and construction 
materials and personnel, representing ton mileage 106 700, includ- 
ing the empty haulage.* 

Though the material supplied, both track and rolling stock, proved 
satisfactory, there need for further experiment and improvement. 
some respects the German locomotives were judged superior ours. 

means for trying out new devices material and for giving training 
limited number officers and enlisted men, the writer, when Chief 
Engineers, advocated the installation system light railways 
each the large permanent army camps. Such system installed 
the Engineer Post Camp Humphreys, Va., and its operation 
has resulted material saving expense compared with the usual 
transportation men and supplies motor trucks. 


feels that will not amiss touch the early development the 
Light Railway Section the American Army’s transportation activities 
France. June, 1917, member commission sent the 
War Department report the railway needs the armies the 
the writer had opportunity cursorily observing the methods 
adopted the British and French the Western Front; and shortly 
after, when was assigned duty with Gen. Pershing’s staff and 
undertook the task planning for the transportation our troops 
and supplies, was able use the information gained basis 
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for estimating our probable requirements that respect, including 


“Light Railways”. 

the absence decision the intended size the American 
forces France and where they were fight, the writer arbitrarily 
assumed that within year they would total 500000 fighting men, 
equivalent to, say 750 000 men all branches the service. Likewise 
assumed that the combat troops would function the foothills 
the Vosges, along front some miles centering Nancy, and 
that the volume supplies all kinds transported would 
average lb. per man per day for all our forces, lb. per man 
per day the advance area for those actively engaged the front. 
should added that 40-mile sector was assumed because was 
understood that average troops per mile front was the 
maximum that could effectively employed. Later, was found that 
this average was too small and that the point saturation was some- 
where between 000 and 500 per mile. 

depth from miles along the front was taken the 
zone within which supplies would distributed largely means 
light railways, experience had shown that was unwise, from the 
standpoint safety, maintain standard-gauge rail-heads nearer than 
the lesser these distances, while operating conditions forbade 
distance excess the greater. The later experiences the British 
led them the conclusion that the light railways could function with 
the rail-head minimum distance miles from the front with 
nearly the same operating efficiency miles, while the safety 
would quadrupled. fact, they considered, result several 
years trench warfare, that the depth the zone served 
light railways should vary from miles, instead miles, 
the accepted practice the time our entry into the war. 

Within this zone was customary, general, have three single- 
track lines, parallel with the front, and connected with each other and 
with the standard-gauge rail-heads such manner that the traffic 
the group serving each rail-head would circulate one direction over 
multiplicity routes, with ample insurance against serious inter- 
ruption case any part the group should injured shell fire. 
The line nearest the enemy was intended for supplying the front line 
trenches and light artillery, the second for the medium and the third 
rear line for the heavy guns. The standard-gauge rail-heads, 


which supplies and troops were transferred the light 


averaged distance miles apart the French sectors, each rail- 
head thus serving approximately 22.5 route miles single-track 
miles light railways, which turn distributed supplies for from 

the basis average miles single track, 7.5 miles 
route, per mile front, was estimated that materials should 
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ordered for 400 miles single track, with steel ties 640 per mile), 
which 20% was added for various services the rear and for stock 
hand, total 480 miles. 

The requirements for turn-outs were found average per mile 
single track, and therefore 800 sets were ordered, which one-half 
each were right and left handed. was designated that the leads 
should have radius and that the ground switch-stands 
throw parallel the track. 

stated the author, rails weighing approximately per 
yd. were general use the Allies, but there was general feeling, 
especially among the British, that this was too light for the proper 
maintenance track, ballasted rule with poor material and laid 
soft ground often torn shell fire. Under these circumstances 
stiffer rail weighing lb. per yd. was adopted, even though the 
heavier weight would more disadvantageous laying track. Lengths 
lengths for closures curves; 20% the rail was ordered curved, 
which 70% was have radius m., 15% m., 74% m., 
and 74% 100 

The question ties was troublesome. The operations the 
British lay the flatter region the North, where the soil was com- 
paratively soft and where the topography was such require cuts 
and fills; whereas with the French the higher altitudes rock was 
the surface and the terrain was such that tracks could built the 
contour lines with practically grading. consequence, the British 
many places found necessary the use such wood they could 
pick for interlacing between the steel ties, especially shell-torn 
areas where was necessary raft the track over soft fillings. was 
felt that the troubles the British would obviated adopting 
short wooden ties, in. ft., which were ordered 
specially for that purpose. 

The type fastenings called for careful The British 
did not look with favor the French practice riveting the ties 
the rails because: much trouble resulted from irregularity the 
fixed gauge due poor workmanship; (b) the rivets were said rust 
and break under traffic, with resultant derailments; and (c) pre- 
assembling the track parts prevented close packing for shipment and 
consequence was wasteful vessel and car space transportation 
sea and land. The latter reason, bearing did the trans- 
portation factor that was have much with winning the war, 
was considered sufficiently forceful dictate the use clip fastenings 
which permitted the close packing the rails and ties separately, and 
later their assembling when and where needed. 

the ordering rolling stock the experience the was 


found borne out quite closely analysis the requirements 
under the above-mentioned conditions. 
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Counting three gasoline equal one steam locomotive, the 


average daily performance per equivalent working locomotive 300 
ton-miles and surplus 40% over actual working needs, were 
about 0.54 equivalent locomotives per mile single track total 
258. these approximately three-quarters, 195, were steam 
The remainder, multiplied three, gave the required 
gasoline engines, 189, which two-thirds were have 
capacity h.p. and one-third h.p. was requested the War 
Department that the steam locomotives weigh tons per axle and that 
the saddle tanks hung give low center gravity. The 
failure observe this precaution with the British was the cause 
frequent and embarrassing derailments soft track. 

cars, the British authorities gave their average requirements 
ranging from per route mile 104 per track-mile. 
based the aforesaid data and daily performance 
ton-miles per working unit, and allowance 30% excess 
average working needs, yield figure 8.2 cars per route mile. 
Owing uncertainty this point the time estimating July, 
1917, figure was used approximately 9.3 cars per route mile 


per equivalent locomotive, making the total number ordered 332, 
the following types: 


17-ft. bogie cars, open top, low 
17-ft. bogie flats, with 480 


Bogie tank cars (1500 gal. for army use)....... 


was requested that the cars having 9.3 long tons 
should have their contents capacity increased from 225 240 cu. ft., 
equivalent the contents the 10-ton standard gauge car the 
European type, practice had shown that this was highly desirable 
transhipping ammunition the railheads. 

The cabled order, sent July, 1917, also included 220 crossing-frogs 
various angles, for intersecting standard-gauge and light-railway 
tracks; selector telephone system for 330 miles territory, with 
five dispatchers’ outfits and station apparatus the basis stations 
one mile apart; 330 portable cabins; portable gasoline pumps 
including suction pipes and fixtures, each with capacity gal. 
per hour against head 150 ft.; lin. ft. various sized pipe 
with valves and fittings; ‘demountable 000-gal. water with 
valves and spouts; tools and machinery for general repair shop and 
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for round-houses; maintenance tools for 420 track gangs; loco- 
motive cranes; supply 16-in. bridge stringers, and ample 
spare parts. 

that early date the question forces for constructing, main- 
taining and operating the light railway system was also considered. 
The experience the British pointed the following average needs 
per single track mile: 


Therefore was contemplated that 21000 men would 
required under these conditions. 

forecasting fuel consumption was that. steam loco- 
motives would require lb. coal per locomotive mile and gasoline, 
locomotives 0.35 gal. per mile. 

The writer’s connection with the “Light Railways” section the 
Army’s transportation service was terminated few months after its 
inception, and hence was not intimately touch with its later 
development. ventures the hope that the author will point out the 
faults the original plan and procedure here outlined, not only 
aid those who later may have cope with similar problems, 
but also warning against the inexcusable laxity and absence 
ordinary foresight the part the War Department other 
Governmental agency having done absolutely nothing, prior our 
entry into the war, study the transportation needs and practices 
the contending armies through experienced eyes, with view having 
readiness well thought-out plan embracing suitable provision for 
the material and personnel necessary for the prompt disembarking, 
storage, and distribution our troops and supplies from the sea 
the firing line. 

also hoped that the author, addition pointing out 
the way which possible errors our early planning the “Light 
Railways” may avoided future military operations, will also dwell 
the extent which the change from trench open warfare modified 
the forecasts which were predicated the preservation the status 
quo. the time our entry the scene, the British considered 
that far any great advance was concerned, forward movement 
of, for example, miles two days would mean “open warfare” 
which event the use light railways would disappear; but was 
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course unsafe not order light railway materials the theory 
Wilgus. 


the Americans would successful immediately changing the char- 
acter operations. However, about the time our Army commenced 
function large scale the enemy rapidly fell back the entire 
Western front and this great extent relegated the light railways 
the background. will unquestionably interesting and helpful 
have known the extent which this change the military situation 
affected the usefulness the means distribution that had proven 
indispensable while the armies were deadlocked. 
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MEMOIRS DECEASED MEMBERS 


will reproduced the volumes Transactions. Any 
formation which will amplify the records here printed, correct any errors, 
forwarded the Secretary prior the final publication. 


LINN MURDOCH HUNTINGTON, Am. E.* 


24TH, 1919. 


Linn Murdoch Huntington was born November 11th, 1884, 
North Bend, Nebr., and was deseended from old New England stock. 
was graduated Civil Engineering from the University 
Nebraska 1904, having spent all his vacations railroad work. 

After his graduation, Mr. Huntington went almost immediately 
the Panama Canal and spent practically the remainder his life 
the tropics. During his three years Panama, rose rapidly from 
Rodman Assistant Superintendent Public Works and Assistant 
Engineer Maintenance the Panama Railroad. Transferred 
Cuba during the Second Intervention, the request Governor 
Magoon, became Second Engineer the Department Public 
Works and, later, was engaged work with Marx and 
Windsor, American contracting firm. 

Leaving Cuba 1910 Mr. Huntington joined the Department 
Public Works the Dominican Republic, which served most faith- 
fully and creditably many capacities until 1913, when nearly all the 
American employees were precipitately discharged from the service. 

Shortly afterward, 1914, became Vice-President and General 
Manager the Bramon Estates Company, which owned and operated 
one the largest coffee plantations Venezuela, where remained 
until few months before his death. was while this work that 
his wonderful persistence and splendid loyalty showed its best 
advantage. For more than year stayed on, fighting unequal 
battle for the retention the property fraudulently taken over 
German interests, though received salary and little support from 
his principals home. 

Mr. Huntington was pre-eminent example the fighting Ameri- 
can engineer who has had such strong influence every land where 
the empire builder has followed the explorer into the out-of-the-way 
places the earth. might have been the inspiration the “Soldier 
Fortune” which has enticed many his kind to- the land the 
dolce far niente. 
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typical fighting and working incessantly, 
never quitting, neither stopping nor giving till the job: was done, 
whatever might be. Obstacles added zest the work, but 
dreamed failure. the end was the same; though suffering from 
disease the throat which had prevented him from taking even 
water and having been kept alive for several days with. oxygen, gave 
sign that despaired recovery. far any one could see, 
considered that his prospects were the brightest, and his plans were 
all for the future. died November 24th, 1919, and survived 
his widow and son. 

Having spent practically all his professional life the tropics, 
Mr. Huntington had absorbed the atmosphere the Latin American 
and spoke the language well that was frequently taken for 
native various South American countries. 

was member the National Arts and Salmagundi Clubs 
New York City, and was the author several short stories published 
Harper’s and other magazines. 

Mr. Huntington was elected Junior the American Society 
Civil Engineers May 2d, 1905, Associate Member 
31st, 1909, and Member December 31st, 1913. 


2p, 1919. 


William Newbrough was born Philadelphia, Pa., December 
15th, 1860. After receiving his preparatory training Dr. Sach’s 
School, entered Columbia University, New York City, 1876, and 
was graduated from the School Mines 1884 with the degree 

From 1884 1886, was Instructor Civil Engineering Lafay- 
ette College, and from 1886 1888 acted Instrumentman and Bridge 
Engineer with the Atchison, Topeka and Santa Railroad. 

During 1888-89, Mr. Newbrough served Professor Engineer- 
ing the State College Kentucky, and for the two years following 
was private practice and also held position Computer the 
United States Surveyor-General’s Office, Salt Lake City, Utah. 
continued private practice the latter city until 1900, including 
among his more important work, Contract 188 for the the 
Public Lands the United States Utah, the duties Chief Engi- 
neer the Lucerne Land and Water Company, and the design, location, 


*Memoir prepared from information file the Headquarters the Society. 
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and construction miles crossing three divides and 
costing $23 000. 

1892 Mr. Newbrough designed and located the Black’s Fork and 
Twin Butte Canals Fort Bridges, Wyo., which were enlarged, later, 
partly himself. From 1894 1896 was engaged surveys, 
tracing coal veins and outcrops, general exploratory work, 
assessments, for Mr. Quealy Kemmerer, connection 
with the development the Kemmerer coal deposits, and from 1896 
1900, was employed Engineer for Quealy and Kemmerer and 
the Kemmerer Coal Company, having full charge all engineering 
work. also laid out the Town Kemmerer and designed its water- 
works. 

1900, Mr. Newbrough went Acting Assistant 
Superintendent the Penberthy Injector 1902, 
returned Evanston, Wyo., and immediately was engaged Consulting 
Engineer the Kemmerer Coal Company. 1903 was appointed 
Engineer the Diamond Coal and Coke Company, Diamondville, 
and from 1902 1904 acted Engineer for Beckwith, Quinn, and 
Company, Evanston, Wyo. 

Newbrough engaged private practice Civil and 
Mining Engineer with office Evanston, Wyo., until 1914, when 
returned Detroit, Mich., General Superintendent the Penberthy 
Injector Company. remained with this Company until 1916, when 
opened office Consulting Engineer Kemmerer, Wyo., which 
continued until his death November 2d, 1919. 

Mr. Newbrough was married Gertrude Sturtevant, Brooklyn, 
Y., January, 1897. She died 1917. survived sister, 
Elizabeth Newbrough. 

Mr. Newbrough was elected Member the American Society 
Civil Engineers April 6th, 1904. 


JOHN PATRICK Am. Soc. 


Diep 2D, 1919. 


John Patrick O’Donnell was born Dublin, Ireland, July 1st, 
1859. 

was articled with Messrs. Stevens and Sons, Railway Signaling 
Engineers, London and Glasgow, 1875, and served with that firm 
until 1882, when was appointed Assistant Signal Superintendent 
the Lancashire and Yorkshire Railway. 


Memoir prepared Groom, Esq. 
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From 1885 1889 Mr. O’Donnell was the service the London 
and South Western Railway, under Mr. Jacomb, Chief Engineer, and 
during this period designed and carried out extensive alterations 
the signaling system Waterloo Station London, and other works, 
for that company. Subsequently, joined Mr. Dutton establishing 
the firm Dutton and Company, Railway Signaling Engineers, 
London and leaving the firm 1894 join the late 
Mr. Evans, founding the firm Evans, O’Donnell and Com- 
pany, Signal Works, Chippenham and London, which carried 
out many extensive signaling works England and abroad. 
O’Donnell and Company subsequently amalgamated with Saxby and 
Farmer, Limited, and Mr. O’Donnell held the position Joint Man- 
aging Director for number years. 

1901 formed the British Railway Signal Company, 
which was Chairman and Managing Director until his death. Mr. 
O’Donnell started the first works for the manufacture pneumatic 
tools considerable scale Great Britain, and was one the 
pioneers power signaling there. installed the first automatic 
signals main passenger lines, viz., the South Western Railway 
between Grateley and Andover, and subsequently between Woking and 
Basingstoke. The first power signals installed passenger lines 
Great Britain were put Grateley the South Western Railway 
Mr. O’Donnell who was, also, one the earliest advocates con- 
centration sidings and hump shunting, and established the big installa- 
tion Wath the Great Central Railway. 

Extensive contracts were carried out under his direction the Great 
Central Railway, the London and Southwestern Railway, and the 
Central Argentine Railway, ete. Victoria Station Eastern 
and Chatham Railway) the latest form signaling—three-position, 
all interlocking—was finished the time his death. 

Mr. O’Donnell was the inventor large number appliances 
for railway signaling and kindred subjects, and was always well the 
fore civil and mechanical engineering developments connection 
with 

was Member the following: Institution Civil Engineers 
(Great Britain), Institution Mechanical Engineers, Canadian Society 
Civil Engineers, Railway Signal Association, and the Institution 
Railway Signal Engineers. was Fellow the Chartered Institute 
Patent Agents. 

the time his death Mr. O’Donnell held, among others, the 
following positions: Managing Director the Superheater Corpora- 
tion, Limited; Managing Director the British Power Railway Signal 
Company, Limited; and Managing Director the Economical Boiler 
Washing Company, Limited. 
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Mr. O’Donnell was elected Member the American Society 
Civil Engineers July 5th, 1893. 


IRVING SPARROW WOOD, Am. Soe. E.* 


Diep 20TH, 1919. 


Irving Sparrow Wood, born Providence, I., November 27th, 
1857, was the son Charles and Sarah (Robinson) Wood. 
was New England parentage. His education was obtained from 
the public schools his native city, supplemented course 
Mowry and Goff’s English and Classical School, local institution, 
from which was graduated June, 1877. 

Mr. Wood promptly took the line work which was destined 
follow during his life, entering the office the City Engineer 
Providence and working there various capacities until the spring 
1881, when was assigned the Water Department, then 
charge the late Edmund Weston, Am. Soc. soon 
became First Assistant, acting such until May 1899, when 
was appointed the vacancy caused the resignation Mr. Weston. 
This position held until his death October 20th, 1919, which 
the house which was born. 

During the twenty years his administration, the population 
supplied the Providence Water-Works increased from about 180 000 
nearly 300 000, and the annual consumption water rose from about 
500 gal. nearly gal. This expansion required 
corresponding increase the distributing pipes year year and the 
installation more ample and efficient pumping machinery. 
extensive and highly successful filtration system was also introduced. 

Mr. Wood was affiliated with the Boston Society Civil Engineers, 
the New England Water Works Association, and the Providence Engi- 
neering Society. 

was married October 14th, 1903, Miss Margaret Read, 
who survives him. 

Modest and unassuming demeanor, Mr. Wood was diligent and 
conscientious the performance his official duties, courteous and 
fair with his subordinates, agreeable associate, and faithful and 
considerate friend. 

Mr. Wood was elected Junior the American Society Engi- 
neers March 5th, 1890, Associate Member March 1900, 
and Member March 6th, 1906. 
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WILLIS BENTON WRIGHT, Am. E.* 


Diep 16TH, 1919. 


Willis Benton Wright was born Pittsfield, Mass., February 
25th, 1860. was son Samuel Augustus Wright and Ann 
Maria (Butler) Wright. His father was the son Samuel Wright 
and Olive (Benton) Wright, and traced his descent James Wright 
Durham, Mass. Ann Maria (Butler) 
Wright, born Connecticut, was the daughter Sylvester and Anna 
Butler, whose family traced its descent Butler, deacon 
the church the Rev. Thomas This the the 
members which came from Boston Hartford, 
1636. 

Mr. Wright was prepared for the Middletown; 
High School and took the Civil Engineering Sheffield 
Scientific School, Yale University, where was member Phi 
Gamma Delta and received Senior appointment. 

After his graduation from Sheffield, Mr: Wright entered the service 
Commander N., the Consulting Engineer 
Obelisk fame. 1886; was engaged construction work with 
the Minneapolis, St. Paul and Sainte Marie Railroad, and, 
later, was employed the same kind work the Cascade Mountains 
for the Oregon Pacific Railroad, and, Lower California; Mexico, for 
the Ferrocarril San Quintin Yuma. 

After two years more the service the St. Paul 
and Sault Sainte Marie Railroad, and year’s travel, 
1895, Division Engineer the Drainage Department the Sewer- 
age and Water Board the City New Orleans, La., which position 
held the time his death November 16th, 1919. 

was married May 18th; 1896, New Orleans, La., Miss 
Juliette Pulver, daughter Barker Pulver, that city, 
whom survived. They had children. 

Mr. Wright had many business and professional Those 
who knew him always retained high regard for his clear-sighted 
analysis conditions, his high standard fair dealing, his integrity, 
and his tactful treatment of. all questions submitted him. was 
engineer unquestioned ability, active, and had endeared 
himself all who knew him. 

Mr. Wright was elected Member the American Civil 
Engineers November 3d, 1897. Charter. Member and 
Past-President the Louisiana Engineering 
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CAREY SIMON PRATT, Assoc, Am. 


Carey Simon Pratt was’born Quincy, Ohio, July Tth, 1868. 
Some time during ‘his young manhood decided become Civil 
Engineer and make Profession his life work. 
1888 1891, ‘acquired his téchnical training the Ohio 
University. Almost immediately after finishing his college course 
serving the public official capacity Deputy County 
Surveyor Noble County, Indiana, and continued for the greater part 
his life the although for certain periods engaged 
private work Civil Engineer. 

From until 1895, Mr. Pratt served City Engineer 
Ohio, and for three years thereafter engaged private practice 
Engineering Contractor, later, becoming Resident Engineer for the 
Dayton-Springfield and Urbana Railway. From 1900 1902 
occupied the position Chief Engineer the Springfield-Xenia 
tric Railroad, and, the same time, acted Consulting Engineer for 
the Western Ohio Electric Railroad. obvious that was 
particularly active during these few years the development, organiza- 
tion, and maintenance some the most important electric railway 
enterprises that section the country and time when the 
railroad was being developed rapid rate. initiative, 
ingenuity, training, and ability were just ‘those 
days they were the early history steam railroading, ard can 
truthfully said that Mr. Pratt possessed all these characteristics 
marked degree. 

again returned public life City Engineer 
Urbana, Ohio, and continued that position for about eleven years. 
While serving this capacity, designed the sanitary sewer system 
Urbana, embracing some fourteen miles acted 
County Engineer Champaign County, Ohio, from 1902 1909, 
specializing particularly the and construction highway 
bridges. 

From 1913 1916 Mr. Pratt was engaged county bridge work 
Sandusky, Ohio, and was also associated with Smith and Boulay 
Toledo, Ohio, Consulting Engineers, both which places his wide 
training and the experience gained his municipal work were the 
utmost advantage. 

During 1916 and 1917, supervised one the first pieces brick 
highway construction West Virginia, just outside Morgantown. 
the completion that project came east the spring 1917 
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and entered the employ Mercer County, New Jersey, the capacity 
Bridge Engineer. obtained the appointment this position 
through competitive examination held the New Jersey State 
Civil Service Commission, having attained the highest rating all 
the competitors for that position. will noted that his very decided 
liking for municipal and public work again asserted itself. Mr. Pratt 
served Bridge Engineer until his untimely death. 

was always intensive student. fact, can said that 
his real studies did not begin until after left college. The acquire- 
ment technical knowledge all the branches engineering with 
which had been connected was one his greatest hobbies. For 
years made practice collecting all articles describing any 
unusual, noteworthy, ingenious methods for carrying out difficult 
construction problems, formulas, and new developments pertaining 
either the technical practical side bridge and highway con- 
struction, and result his activities this direction had 
accumulated rather interesting collection data and engineering 
literature which greatly prized. was this intense and constant 
study with little relaxation that hastened his death. 

indeed unfortunate that the lives many men should 
taken just period when their age and experience should render them 
the utmost usefulness those they serve, and this means not only 
the community and mankind generally, but also their families and 
friends well. Such was the case when Carey Simon Pratt died 
November 25th, 1918. 

1891 Mr. Pratt was married Ada Belle Rogers, Columbus, 
Ohio. result this union three children—Mrs. Harold Houston, 
Helen and Lindsay Pratt—were born. 

Mr. Pratt was connected with the Masonic Fraternity, which 
took deep and ardent interest. was member Champaign 
Free and Accepted Masons, Urbana, Ohio, and also Knight 
Templar, belonging Rapier Commandery the same city. was 
also member the American Society for the 
Science. 

Mr. Pratt. was elected Associate Member the American 
Society Civil Engineers June 4th, 1913. 
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HYDRAULIC-FILL DAMS 


PRESENTED May 5TH, 1920. 


The hydraulic method dam construction has great advantages, 
but too many dams built have failed. 

often built, the center the dam composed clay core 
completely water-tight but very wet result the method con- 
struction, and completely water-tight that permit- 
ting its own drainage. 

This soft core the center the dam exerts the pressure 
liquid high gravity upon the toes and tends push them out. 
This pressure seems have been responsible for most the failures 
hydraulic-fill dams. 

The method placing the core commonly used results exceed- 
ingly fine-grained material, desirable from the standpoint water- 
tight dam; but may that extreme tightness secured the 
expense stability. 

use the hydraulic method dam construction successfully, 
necessary either increase the toes until they are large and heavy 
enough successfully resist the full fluid pressure the core, else 
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handle the core material that the finest particles are wasted, 
leaving only the larger ones, and that way increasing the grain size 
point where drainage can secured, while the other hand 
remaining sufficiently impervious for practical purposes. 

Methods testing are described and effort made analyze 
the conditions stability. 


The hydraulic-fill method dam construction grew out hydraulic 
mining. was natural that process conspicuously successful 
mining enormous scale, and that moved material very low 
unit costs, should find other applications. 

The late James Schuyler and Howells, Members, Am. 
E., were pioneers the application hydraulic methods 
dam construction. Mr. Schuyler presented paper* the Society 
1906 setting forth most admirable way the peculiarities the 
method and its application actual dams. 

The method certain have important place future dam 
construction. has two fundamental advantages: First, sorting 
out the fine particles and placing them the center the dam, thus 
insuring complete water-tightness; and second, the use power 
place muscle the greatest extent, that the labor cost and the 
animal cost construction are reduced minimum, 

sometimes possible place material the hydraulic process 
much smaller cost than any other method. 

the other hand, several hydraulic dams have not proved 
stable. Failures, usually during construction, have caused great losses, 
and their occurrence has been discouraging. 

There may have been more than one cause failure, but one cause 
has certainly predominated. the interior the dams there have 
been masses clay and other fine-grained material, that have not 
consolidated the point stability. Instead forming integral 
part solid dam, these have remained almost liquid form, dividing 
the dams and tending disrupt them. this respect, hydraulic-fill 
dams are different basis from other earth dams. 

the hydraulic method dam construction successfully 
used, this element weakness must eliminated. 
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There seem two promising ways eliminating it. The first 
and most natural one increase the size the dam until the solid 
parts forming the toes are amply strong resist the full fluid pressure 
the unstable core. The second consists selecting material and 
handling way secure drainage and consolidation the core, 
that the whole dam will act one solid mass. 

core material can fully drained and consolidated, there 
reason why dam built the hydraulic method section that 
suitable for earth dam built dry should not safe. drainage 
and consolidation the core not secured, however, safety can only 
reached making each toe large enough stand the full pressure 
the liquid core, and that case, order safe, dam built 
the hydraulic method must have flatter slopes and larger section than 
otherwise needed for earth dam. 

interesting note that Clemens Herschel, Past-President, 
Am. Soe. E., discussing Mr. Schuyler’s paper 1906, made the 
point that larger section would required for Mr. Schuyler 
took exception this, and stated that his experience there was 
reason for building dam greater dimensions because the material 
was placed the hydraulic method. 

The advantages and economies the hydraulic method are such 
that will often good business use it, even though the required 
volume the dam should greater. work can built half 
the cost per yard, twice many cubic yards can placed for 
the same money. 

The number failures with hydraulic-fill dams growing out 
this fundamental condition fluid cores and inadequate toes has 
been such make clear that this condition instability has not 
been recognized the designs. Mr. Schuyler’s excellent paper con- 
tains discussion this point. Looking from the standpoint 
thirteen years afterward, easy see how this condition could 
have been overlooked and see, also, how some the early failures 
were attributed other causes. 

Now, however, enough experience has been gained that better 
analysis may made. insure success with future hydraulic dams, 
this analysis must thorough. the writer’s thought that will 
hydraulic-fill dams required, and customary, other engineer- 
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ing structures. may that not yet have all the necessary data; 
but, not, the best way find what lacking using what have. 


CHARACTER 

The first point considered that, many perhaps 
hydraulic-fill dams, the core material fine grain size that 
ineapable drainage. that meant that incapable drainage 
within reasonable length time. The lower parts the core not 
become stable before the upper parts are placed upon them. 


Facing of Rock 
laid in Cement 


Clay uddle™ 
(lmpetvious ) 


Elev: 4226 4220 


CROSS-SECTION DAM NO.2 NECAXA, MEXICO, 
SHOWING 
DIMENSIONS, CUT-OFF TRENCHES AND THEORETICAL DISTRIBUTION MATERIALS. 
FiG.1 


TYPICAL SECTION OF HYDRAULIC FILL 
DAM DURING 
FiG.2 


ILLUSTRATING PROPOSED SECTION WITH 
NARROW COARSE-GRAINED CORE, 


general, all the material placed hydraulic-fill dams may 
divided into two classes, namely, toe material and core material. Mr. 
Schuyler presented picture materials divided into several classes, the 
coarsest being found the outside and the finest the middle (Fig. 1*). 
Practical experience does not show that the material graded quite 
that way. There some grading the toes and the average size 
particles near points delivery material near the outer slopes 
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greater than away from those points and near the core; but, practically 
speaking, this gradation not very important. Ordinarily, all the 
toe material coarse particles when first placed. Afterward, passage 
silt-laden water from the operation hydraulicking partly fills 
the voids with fine material, but the process stops itself before they 
are all filled. The toes readily drain and all the stability naturally 
inherent the stock obtained. 

The core may defined that part the dam deposited from 
water the central pool. the writer’s experience, core material 
homogeneous. any level there appreciable difference grain 
size between the middle the core and its farthest extremities. 

The principles determining the size particles the 
core, not deposited, are the same the ones that apply sedi- 
mentation basin water-works plant. The larger the area the 
pool proportion the quantity water that goes through it, the 
more complete will the subsidence, and the smaller will the limit 
size particles retained.* 

Most hydraulic-fill dams have been built with good-sized pools 
the center during construction (Fig. 2), which sedimentation has been 
fairly complete. The writer has examined samples the core materials 
from number dams. The samples are rather surprisingly alike 
grain size. They ordinarily contain particles large quantities 
down limit between 0.001 and 0.002 mm. (or sometimes 0.003 mm.) 
diameter. Generally speaking, all smaller particles have been car- 
ried away the escaping water and have not remained the core. 

should said that the determination the exact size these 
small particles means precise the determination the 
size grains filter sand. The results are reached the micro- 
scope with micrometer and are considered roughly 
mate only. has been the intention use basis nearly pos- 
sible comparable that adopted for the larger particles sand 
analysis, which use the diameter any particle the diameter 
sphere equal volume, Following this rule the width, rather 
than the length, small particles measured. 

from this size the size the smallest particles retained the 


Sedimentation,” Hazen, Am. Soc. E., Transactions, Am. 
Soc. Vol. LIII (1904), 
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toes. general way, this size may taken 0.03 mm., ten 
fifteen times great the limit size particles that are retained 
the core. 

Speaking core materials the terms that are used describing 
sand, may said that the effective size core material ordinarily 
about 0.002 mm. This size small that one who not accustomed 
work has little conception it. For comparison, 
may stated that ordinary filter sand has effective size from 
0.3 0.4 mm., while dune sand, being the finest material usually 
spoken sand, has effective sizes ranging from 0.15 0.20 mm. 

Without attempting precision, and using round figures, the core 
material one-hundredth the size dune sand. This means 
(assuming that the laws flow and the laws capillarity applying 
the finest sands apply also these still finer materials) that, other 
things being equal, the drainage core material will take ten thou- 
sand times long corresponding drainage fine sand. Fine dune 
sand would drain much hour core material year. 
means, further, that the height which water can held capillarity 
ten thousand times great the height which held fine 
sand. fine sand will hold water capillarity height 
inch, will, then core material like that shown the samples will 
hold water capillarity much more than the full height any dam. 

The reason why this core material drain therefore clear. 
seals itself and becomes practically water-tight. 

With the dimensions existing dams that have been built, assum- 
ing that the laws flow known apply the finest sands apply also 
the still finer materials, will take years for the excess moisture 
drain must before the solidification the material 
possible. 

practical proposition, drainage not possible with such fine 
that meant such prompt and complete drainage 
will result solidification during the construction the dam. 

Construction records and samples show approximately what happens. 
Core material the fineness already described goes down first the 
form soft mud which the voids filled with water are least 
the total volume. Such mud very soft. 

The percentage voids furnishes, the whole, the best index 
consolidation and stability. itself, not adequate basis 


| 
} 
| 
| 4 


comparison, because different kinds core material may have differ- 
ent degrees with the same percentage voids; but, not- 
withstanding this difference, the percentage voids the best index 
consolidation far available. 

The material when goes down contains 70% voids. Under 
these conditions, the minute solid particles are held apart the water 
contained between them, and the passages through which water can 
pass are much larger than they would with more compact arrange- 
ment the same material. Water drains from this material gradu- 
ally, and the material consolidates. 


The drainage may horizontal, which case the surplus water 
finds its way through the core material the toes and escapes. There 


is, however, shorter way out, and appears probable that most 
the drainage takes place vertically. That say, the solid particles 
settle down and consolidate while the water moves upward between 
them the top. This consolidation takes place gradually rates 
depending the dimensions the dam and also variations the 
effective size the core material; for while the writer considers all 
this material broadly having effective size 0.002 mm., there 
are doubt considerable variations size and permeability. 

Experience shows that consolidation goes that after period 
from few months two three years the ordinary course 
dam construction, will have been consolidated point where the 
voids are about per cent. the consolidation increases, the sizes 
the passages between the grains become smaller, and the flow becomes 
less rapid and the process consolidation goes forward more and 
more slowly. 

Material with 50% voids when taken out boring described 
material having the consistency stiff putty. capable 
standing boring driven beyond the casing for several feet, and 
offers great resistance penetration. 

One the best field methods testing the consolidation core 
material has been find the depth which 1}-in. pipe could 
forced into two men. This method testing has been used 
several dams. has been possible co-ordinate the penetration 
found with records the percentage voids. general way, pen- 
etration pipe pushed down two strong men extends the 
point where the voids are about per cent. other words, the 50% 
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material stiff that can longer penetrated any con- 
siderable depth this method. 

Tests material letting down cannon balls, etc., are less 
searching. The penetration does not far. 

Material with 50% voids considerable depth acts essen- 
tially liquid. exerts the full lateral pressure corresponding 
its height and weight per cubic foot, and when the resistance the 
toe overcome, this material moves forward and Precise limits 
cannot set, but this the general result observation Calaveras 
result determinations voids many samples material 
that did flow and other samples material that did not flow. 
This refers the Calaveras Dam* near San Francisco, Cal., which 
was approaching completion March 24th, 1918, 
investigation which afterward gave unusual opportunity for 
studying some the conditions that grew out the methods placing 
material that had been used. (See Figs. 6.) 

Core material becomes solid when dried. Core material dried 
the summer sun Calaveras was consolidated until only 35% 
voids remained. this condition, was only little less strong 
and stable than the natural sandstone the neighboring hills. 

Core material consolidated voids would form the strong- 
est and most stable kind earth dam. large toes would 
required contain it, for any reasonable slope would stable 
itself. Such consolidation, however, far known, reached 
only complete drying. Unfortunately, drying cannot applied 
the core large dam. 

Without attempting precision statement, the writer’s judg- 
ment that core material like that Calaveras could consoli- 
dated 40% voids, would sufficiently stable its share 
toward resisting the pressures that come upon the dam without tend- 
ing disruption. Perhaps this degree stability would reached 
before consolidation had proceeded far 40% voids. There 
middle ground uncertainty. Material with 50% voids still 
unstable; and between this limit and 40%, one cannot certain just 
where draw the line. 


See Engineering News-Record, April 4th, 1918, 679, and December 26th, 
1918, 1158. 
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4.—CALAVERAS CONSTRUCTION, SHOWING UPPER AND LOWER. 
TOES, WITH BETWEEN. WATER FOREGROUND 
RESERVOIR ABOVE DAM, 


ies 


RAS CONSTRUCTION, 
Poot Few Days BEFORE THE SLIP. 


Fic. 6.—CALAVERAS AFTER THE 24TH, 1918, 800000 
Cu. Yp. MATERIAL 300 Fr. STREAM AND 100 
ELEVATION, TURNING ALSO 30° THE RIGHT. 
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interesting that the pipe used the penetration 
tests only reaches points where the material still unstable. 
follows that tests this kind not and cannot demonstrate stable 
material. Tests made cannon balls other less searching means 
are equally defective. cannot considered, the light the 
Calaveras experience, that tests made such methods throw much 
light conditions stability. They may times serve purpose 
showing lack stability, but that far use can made 
them. 

the writer’s thought that the best method investigating 
consolidation and stability making borings. There are 
ties, for boring usually involves stopping the sluicing material 
while the holes are being put down; but does lead more definite 
results. Borings can driven and samples taken from the bottom 


the borings for physical inspection and for determination the 
percentage voids. 


This very simple matter, but experience shows that easy 
wrong, and for that reason brief statement methods that 
have been found suitable will given. 

The samples taken from the bottom test borings are saturated 
with water. determination water content, therefore, can made 
measure voids. This procedure sound far and only far 
the voids are completely filled with water. useful check can 
obtained from the specific gravity the moist material. 

The specific gravity the solid particles core material may 
taken 2.65. may that some locations other specific gravi- 
ties will found, but the writer’s experience, actual values differ 
little from this mean value. 

determining the specific gravity these exceedingly small par- 
ticles, the most careful manipulation required get all the air out 
the dry material. Methods similar those used for determining 
the specific gravity Portland cement are appropriate, but water 
can used. 

table can made showing the weight the solid particles, the 
weight water, the percentage water weight, and the specific 
gravity core material containing various percentages voids. 
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Table convenient and somewhat form, gives these 
values for saturated clay. 


TABLE 
Specific Gravity Solid Particles, 2.65. 


WEIGHT PER 
voids. et. 
weight. Wet. Dry 

40 20.1 1.990 124.2 99.2 
41 20.8 1,974 123.1 97.5 
42 21.5 1.957 122.1 95.9 
43 22.2 1.940 121.1 94,2 
44 22.9 1.924 120.0 92.6 
23.6 1.908 119.0 91.0 
46 24.3 1.891 118.0 89.3 
47 25.0 1.874 117.0 7.6 
25.8 1,858 116.0 86.0 
26.6 1,841 115.0 
50 27.4 1.825 114.0 &2.7 
51 28.2 1.808 112.9 81.0 
52 29.0 1.791 111.9 79.3 
53 29.8 1.775 110.8 77.7 
54 30.6 R 1.759 109.8 76.0 
1.726 107.6 72.8 
57 33.3 1.709 106.6 1.1 
5 34.2 1.692 105.6 69.5 
59 85.1 1.676 104.5 67.8 
61 87.1 1.648 102.5 64.5 
62 38.1 1.62 101.5 62.8 
63 39.1 1.609 100.5 61.2 
64 40.1 1.593 . 99.5 59.5 
65 41.2 1.577 98.5 7.8 
66 42. 1.560 7.4 56.2 
67 43.4 1.543 96.4 53.5 
68 44.5 1,527 95.4 52.9 
69 45.6 1.511 94.4 51.2 
70 46.8 1.495 93.4 49.6 


When sample taken from test boring, portion put 
dish and weighed. The weighed material dried above the 
boiling point constant weight, and the percentage moisture com- 
puted. even little drying before the first weight affects the 
result, the samples should weighed the spot when first brought 
the surface; this, portable equipment must used. After 
the first weighing, samples may taken the office laboratory 
for the completion the process. When the percentage moisture 
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weight found, the corresponding percentage voids obtained 
from Table 

check, the specific gravity another part the sample 
determined. This obtained putting weighed portion the 
moist mass into graduated cylinder partly filled with water and 
noting the increase water level. The specific gravity the ratio 
between the weight material added and the weight the water that 
corresponds the level, and the volume material 
placed the cylinder. With this specific gravity determined, Table 
indicates the percentage voids. 

The percentage voids determined the two methods with good 
manipulation should check within per cent. does not, 
there something wrong and the error must found and eliminated. 

determine the weight the coarse and hard toe material, 
better method has been found than make excavation accurately 
dimension cu. yd., other convenient size, and weigh the 
excavated material platform scales, Percentages moisture vary, 
and the weight dry material affords the best basis comparison. 
average sample material the scales taken for determining the 
percentage moisture, and the results are reduced weight dry 
material per foot. 


The writer fully satisfied that there practical way rap- 
idly draining core material fine grain size that described pre- 
viously. has considered from theoretical standpoint and also 
from the standpoint practical experience. 

After the material reaches condition 50% voids, cu. yd. 
must compressed into cu. yd. 40% material the exclu- 
sion cu. yd. water before full stability can counted on. This 
water, amounting one-sixth the whole volume core material, 
must expelled. The computed rate flow through material with 
effective size 0.002 mm. very slow. The rate depends on, and 
proportional to, the hydraulic slope. With slope 10% (which 
steep usually found) the computed rate flow solid col- 
umn the full area the section mm. daily. this rate, 
days are required for the water move in. and 2.6 years for 
move ft. This cannot used with assurance estab 
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lishing the exact rate flow, but the writer’s judgment that the 
actual rate likely below above the result given. clear 
that, for large dam, complete drainage and consolidation may 
matter many years. 

From practical standpoint, may recorded that 6-in. well 
driven ft. saturated core material having voids averaging 50%, 
with the casing perforated freely admit water, stood empty for 
weeks. Not enough water drained from this material raise the 
water the well. This may represent the effect capillarity. With 
such degree tightness, clearly useless attempt secure 
consolidation any method depending additional drainage outlets. 


Core 


interesting method measuring the pressures actually existing 
core materials has been suggested Goldbeck, Assoc. Am. 
E.* this method, small are built into the core 
Some are placed with horizontal and some with vertical faces, 
arranged indicate pressures the faces during construction and 
afterward. Such devices are reported have been placed hydraulic- 
fill dams now building the Miami Conservancy District. The results 
observation through certain period have already been recorded. 
These observations indicate, would expected, that the horizontal 
and vertical pressures are the same first and until the material 
has become somewhat consolidated. Afterward, horizontal pressure 
less rapidly than vertical pressure, and the inference may 
drawn that this represents solidification the material which the 
cells are placed point where the full horizontal pressure longer 
produced, 

This certainly interesting method test and one that may 
throw light the conditions core material. 

reminds the writer one his early experiences, which related 
different circumstances, but possibly the same underlying prin- 
ciples are involved. was proposed build large and heavy struc- 
tures which the weight would well distributed foundation 
stiff silt. The question was presented whether the foundation 
was sufficient carry the weight. apparatus was provided which 
test areas sq. ft. the level the proposed foundation were 


Engineering News-Record, April 18th, 1918, 758. 
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loaded. The results the tests were most satisfactory. The material 
carried more than the expected loads, with only insignificant settle- 
ments. When the actual struciure was built, however, there was con- 
siderable settlement. The actual settlement was many times greater 
than had been indicated the tests. 

The explanation simple enough. The single square foot that 
was loaded distributed the weight applied much larger area 
short distance below. What was loaded was effect pyramid with 
flat top sq. ft. The full applied weight per square foot was 
carried only the top, and the unit stress rapidly became less going 
downward the area the pyramid increased. thin layer mate- 
rial just below the footing actually got the pressure and was com- 
pressed accordingly, and this way the slight observed settlement 
was produced. down, however, the unit pressure was lower 
and there was appreciable compression. 

When the structure was built there was chance for corre- 
sponding distribution pressure. The whole area underneath was 
loaded, and the weight had carried through the full depth 
silt and the silt was compressed. corresponding settlement would 
doubt have taken place the test apparatus the material loaded 
had been column ft. square all the way down rock. The writer 
thinks that because this dispersion load generally true that 
small test area will carry more per unit than larger one, and 
may that the same conditions will found apply the test 
cells built into the core dam. 

view all the information now available, the only safe course 
follow, long the core material like that here described, 
assume that will produce the full horizontal pressure corre- 
sponding its weight and height; and the toes must made large 
enough resist that pressure with ample safety. 


THE PRESSURE THE MATERIAL. 


The first point considered the coefficient friction the 
material the toe, sliding either upon the foundation upon itself. 
With hard, clean gravel coefficient 0.7 0.8 might reasonably 
expected, although the data for establishing this coefficient are not 
convincing could desired. such coefficient was found, 
however, accounting for the Calaveras slip. Instead, was esti- 
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mated that the weight the material pushed forward the up-stream 
toe was five times great the pressure core material against it. 
estimating that pressure the whole height and weight core mate- 
rial was included, assuming that acted heavy liquid. This indi- 
average for the whole area which the slip occurred. may 
recorded, however, that similar calculation for the lower toe which 
did not slip indicated coefficient one can tell how much 
more would have held. 

The Calaveras material softer and perhaps more slippery than 
the hard particles glacial drift the Eastern States; and would 
not reasonable expect high coefficient friction. may 
be, also, that the coefficient friction under such heavy pressures 
are found the lower part high dam will less than under 
the small pressures moderate depths. 

Some experiments were authorized George Wilhelm, Am. 
Soc. E., and made Hawley, Am. Soc. E., Resident 
Engineer the San Pablo Dam, near Berkeley, Cal. (see Fig. 7), fol- 
lowing suggestions the writer. 14-in. pipe was cut into 
two short parts, one which was fixed and the other attached securely 
steel frame which swung freely axis about ft. above. 
Another steel frame securely connected the ends this axis with the 
fixed part the 14-in. pipe and with other parts the apparatus. Two 
jacks were used and the pressures were computed from the 
measured pressures the pistons. 


The two pieces 14-in. pipe were placed line and the frames 


held them that the ends would just clear. 

sample the material tested was placed the pipe, filling 
the lower fixed part and extending some distance into the movable 
part. Oak planks, cut fit loose piston, were then placed above. 
One the hydraulic jacks was placed above it. Pressure was then 
applied the material the pipe any desired extent. 
Experiments were made with various pressures, the greatest corre- 
sponding depth fill 200 ft. While the material was held 
under this pressure, the other jack was placed horizontally against the 
side the 14-in. pipe with suitable blocking, and pressure applied 
until there was movement. The ratio pressures the two jacks 
then gave the coefficient friction. 


7.—-SAN DAM, SHOWING DEVELOPMENT LOWER TOE; WITH THE FINER MATERIAL PASSING OVER THE 


CENTRAL POOL. 


q 


4 
| 


The steel frame and the pivot the top was built that there 
was appreciable friction the apparatus. slight correction was 
necessary because the lever arm the slipping plane was longer than 
the lever arm the point the 14-in. pipe where pressure was 
applied. 

The form the experimental apparatus was suggested the 
writer paper Mr. Bell clay pressures.* The apparatus 
worked out was more like that used Am. 
Soe. E., his experiments soil pressures. 

The apparatus used differed from both its predecessors that 
tests were made very much higher pressures. The results may 
compared, but must remembered that the local material had 
peculiarities its own, and that was doubt quite different 
physically from the material tested Bell and Goodrich. 

The writer will not attempt discuss this matter further, but 
suggests fruitful topic for further experiment. 

Experiments were made Mr. Hawley with various local mate- 
rials various pressures. These showed that, with low pressures, the 
friction was distinctly larger than was with higher 
ones. The explanation for this may that the higher pressures 
broke down and crushed the particles, and reduced the relative 
resistance. After certain pressure was reached there was less rapid 
change the coefficients, and for the higher pressures the coefficients 
for any material were practically constant. 

For material from the local soft sandstone rocks San Pablo, 
coefficients friction approximately 0.5 were found. 

There was one kind material more slippery than the others for 
which average coefficient 0.45 was found. Other harder mate- 
rials gave coefficients 0.55 and more. Sand and gravel from the 
creek representing the remnants much harder rocks the hills 
(and corresponding more nearly the glacial drift the Eastern 
States) gave coefficients about 0.7. 

The materials San Pablo are similar the materials 
Calaveras; and there reason think that the found 
San Pablo would apply approximately the Calaveras materials. 


Minutes Proceedings, Inst. Vol. CXCIX 233. 
Transactions Am. Soc. E., Vol. LIII (1904), 297. 
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What then the explanation the fact that the Calaveras Dam 
slip indicated coefficient 0.2 while similar materials the test 
apparatus show coefficient 0.5—two and one-half times much? 

The answer seems lie the fact that the course construc- 
tion Calaveras, before the dam was very high, the construction pool 
the center the dam was sometimes quite wide; that some 
levels the greater part the width the dam was composed fine- 
grained core material. Afterward the proportion solid fill was 
and the width core reduced, but the effects the wide 
pool may have been permanently left layers core material extend- 
ing far out under the more solid parts the toes. 

seems probable that unstable core material placed this way fur- 
nished the lubricant that facilitated and made possible the slip 
the dam. 


Calaveras, the toe material was slightly heavier per cubic foot 


the core material. San Pablo, with fragments porous sand- 


stone predominating the toes, there was scarcely any differ- 
ence. With harder material like the glacial drift the Eastern States, 
the toe material would considerably heavier. 

For the purpose first rough calculation, assume that the 
weights per foot toe and core material are equal, they are 
San Pablo. coefficient friction 0.5 assumed, each toe 
must weigh twice much the pressure exerted the core. The 
pressure exerted the core wh? and the weight the toe bal- 
ance must produce this weight, uniform outer slope 
will suffice. addition, top width equal the maximum 
width core must used. factor safety required, the 
outside slope must made but view the records slips 
actual dams, may well take higher factor safety. slope 
give factor Where toe material considerably heavier than 
the core, would the case with harder and heavier rocks, the slopes 
could reduced proportion the increased specific gravity without 
reducing the factor safety. Thus, with toe material 20% heavier 
Very few hydraulic dams have been built with sections large this 
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line thought suggests. 


The Gatun Dam Panama heads the list, 
and even larger. 


great many cubic yards ave involved such large section, but 
the work done cheaply enough per cubic yard, may economical 
use the extra volume. Safety can secured this way; and 
may that this procedure the best one follow. 


see what these slopes would call for the way section 
comparison with earth dams that have been actually built either 
the hydraulic method dry fill, the following comparison made. 
Assuming freeboard one-tenth the greatest depth water, and 
top width 0.25 and uniform slopes, the cross-sections dams 
terms the greatest depth water would follows: 


The actual dimensions number dams are given Table 
Rock-fill dams are not included, but rock fill forms some part 
number dams the list. dams holding less than ft. 
water are included. 
The Necaxa Dam slipped, but was afterward rebuilt the original 
section. The Big Meadows Dam being raised with enlarged 
section. 


INCREASING THE GRAIN MATERIAL. 


The second way increasing stability use core material that 
will consolidate more rapidly and thoroughly. There only one way 
insure this; that increase the grain size the material allowed 
remain the core. With pools and water quantities actually used 
the dams known the writer, particles smaller than 0.001 mm. and 
perhaps have been wasted. larger has 
gone into the dam. 

some effort has been made secure completeness 


deposition these fine particles avoid waste and increase the 
yardage accounted for the dam. 


Slope. Volume. 
- 
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TABLE NuMBER EartH Dams 
THAT Have Stoop 


*Paddy Creek. 200 4.05 161 414 6.30 


Hydraulic fill, wholly large part. 

increase the effective size core material, necessary 
increase the limit size particles wasted. This can done 
narrowing the pool increasing the quantity water passing 
(see Figs. and 10). one occasion San Pablo, test 
this out, the toes were allowed increase height for time without 
raising the pool, This was continued until the pool almost disap- 
peared. Hardly more than muddy creek remained the middle 
the dam. The core became comparatively narrow and much coarser 
grain size. The effective size was increased approximately 0.01 mm. 
Finer particles were all wasted. other words, the core material 
was, say, five times great grain size. had, therefore, twenty- 
five times great draining capacity, and only one twenty-fifth the 
capacity hold water capillarity. 

Material placed this way had much better drainage; 
first, because the core was narrower and there was less water 
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Fic. Dam, SHOWING ORDINARY WIDTH CENTRAL POOL 
PRODUCING CORE MATERIAL 0.002 Mm. 


Fig. 10.—San SHOWING CENTRAL POOL GREATLY REDUCED WIDTH 
FOR PURPOSE INCREASING GRAIN CORE MATERIAL. WAS 
PUSHED NARROWER WIDTH THAN SHOWN. 
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removed; second, because the water had shorter distance go; and 
third, because, other things being equal, the water would get away 
twenty-five times fast. After few weeks operation this 
manner, the work was stopped temporarily, which gave opportu- 
nity examine the deposited core material. After only few days 
became hard enough walk on, many times more solid than ordi- 
nary core material. 

one other respeet this coarse-grained puddle differed from ordi- 
nary puddle. There was small relative range its grain sizes, The 
fine particles were eliminated, and the volume puddle produced was 
reduced, but there was very great the quantity and char- 
acter the coarser particles. These coarser particles constituted the 
whole mass the coarse-grained puddle. With ordinary puddle, they 
were mixed with large additional volume fine-grained stock. The 
grains the coarse-grained puddle were thus more nearly the same 
size, and followed that, other things being equal, the percentage 
voids was greater. This was found the case the test San 
Pablo, and after the material had become hard and stable, had 
percentage voids that would have indicated lack stability 
ordinary stock. This illustration the fact that voids used 
index stability can only properly compared for the same kind. 
stock. 

this method increasing the grain size core material were 
followed throughout the construction dam, obviously there 
would two results. First, great deal fine material would 
wasted. The quantity would depend upon the quantity such mate- 
rial the stock used. the natural course events most this 
would deposited harmlessly upon the bottom the reservoir. 
Second, dam built this way would much more stable but 
theoretically not quite water-tight. There would appreciable 
amount seepage through core material this grain size. 

The amount seepage loss may estimated approximately. 
Assuming that the laws flow are the same they are the finest 
sand which experiments have extended, was estimated that 
the San Pablo Dam the whole core material could made 0.01 mm. 
and the rest the dam had contributed nothing tightness, the 
theoretical rate seepage would 280000 gal. per day. The loss 
this quantity water would not serious drain upon the supply, 
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adds stability. Practically, known from filter experience, 
considering the core material filter, would soon silt and become 
water-tight. 

practical proposition dam construction, core material hav- 
ing grain size 0.01 mm. accepted sufficiently fine from 
the standpoint water-tightness. This size 0.01 mm. not given 
precise limit. may that still coarser material would give 
sufficient tightness that finer material would drain sufficiently. The 
size mentioned because the size material that was actually 
found possible produce the San Pablo Dam reducing the size 
the pool minimum, and because other considerations suggest 
that may suitable. 

The question remains whether dam which the pool and 
water quantities were adjusted hold the effective size core 
material 0.01 mm., some other selected limit, and which the 
core material was never permitted become very wide, would con- 
solidate itself the dam increased height extent that would 
eliminate lateral pressure core material. 

the writer’s idea, that dam built this way would certainly 
more stable and safer than one which the core material con- 
tained additional quantity finer particles. 

Am. E., who stated 


“Probably the nearest approach perfect core great thickness 
which can hydraulicked, one composed fine sandy silt, such 
generally found the arid West, having little cohesiveness, good 
self-drainage qualities, becoming hard and solid after short time, and 
yet being, not perfectly, least practically water-tight.” 


Mr. Henny’s description may taken accurate description 
the writer’s idea 0.01-mm. material. certainly does not apply 
0.002-mm. material. Mr. Henny’s other propositions regard 
fine core material such ordinarily used, are believed well 
founded. 

building hydraulic-fill dams, the débris above the solid rock has 
been most easily worked and extensively used. Such débris fre- 
quently fine grain size, and its use may result excess core 
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material and deficiency toe material. correct this tendency, 
rock fill has been added the toes number dams. 

The rock fill has usually been placed dry fill; that say, 
blasting, steam shovel, and cars The cars or. carts run 
the toes the dam and deposit material the same time that the 
process being used fill the interior. 

the San Pablo Dam (see Figs. and 12), similar result has 
been reached handling the rock after blasting the hydraulic 
method, Open flumes were used with flow from cu. 
ft. per sec. slope was necessary long wooden flume bottoms 
were used. With steel flumes, equally favorable results were obtained 
with slope. About 3000 cu. yd. per day were placed, aver- 
age. Pieces broken rock cu. ft. size were handled under 
these conditions. blasting the hardest rock available, was pos- 
sible get material for fill that contained relatively few fine particles, 
and all the small quantity very fine material was wasted. Large 
additions the toes the dam were made this way. 

Working quarry with high face, was possible throw down 
great quantities material one large blast, and wash many thou- 
sands yards into the dam from single position monitors -and 
flumes. The economy resulting from operating long one place, 
compared with moving the equipment all over the hillside pick 
seattered and relatively thin deposits débris above the rock, turned 
out fully equal the additional cost rock excavation; 
fills, built this way, cost more per cubic yard than fill made 
from débris. 

the other hand, the fill made this way believed 
heavier, and have higher coefficient friction which gives 
additional value toe material. The practical methods handling 
rock fill were worked out Mr. Hawley and Albert, Assoc. 
Am. Soc. 

When granular material has its pores completely filled with water 
and under pressure, two conditions may recognized. the 
normal case, the whole the pressure communicated through 
the material from particle particle the bearings the edges and 
points the particles each other. The water the pores under 
no. pressure that interferes with this bearing. Under such conditions, 
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the frictional resistance the material against sliding itself may 
assumed the same, nearly the same, would the 
pores were not filled with water. the second case, the water the 
pores the material under pressure. The pressure the water 
the particles tends hold them apart; and part the pressure 
transmitted through the water. whatever extent this happens, 
the pressure transmitted the edges and points the particles 
reduced. water pressure increased, the pressure the edges 
reduced and the friction resistance the material becomes less. the 
pressure the water the pores great enough carry all the load, 
will have the effect holding the particles apart and producing 
condition that practically equivalent that quicksand. 

extra pressure the water the pores such material may 
produced sudden blow shock which tends compress the 
solid material crushing the edges and points where they bear, 
causing re-arrangement particles with smaller voids. 
illustration this can seen the sand the Such sand, 
comparable dune sand size, usually found saturated with 
water for certain distance above the water level. This condition 
maintained capillarity. weight slowly placed this sat- 
urated sand, there slight settlement, the grains sand coming 
firmer bearings and the weight carried. sharp blow, with 
the foot, however, liquefies certain volume and makes quicksand. The 
condition quicksand lasts for only few seconds until the surplus 
water can find its way out. When this happens the grains again 
come solid bearings and stability restored. During few sec- 
onds after the sand struck, however, almost liquid, and capable 
moving flowing transmitting pressure the same measure 
liquid. 

Fine-grained sand which this condition exists called quick- 
sand. The properties quicksand are well known. Fine-grained sand 
saturated with water and then mixed with additional water 
acts practically liquid. will flow through small orifices 
washing typical case. When the sand drained, the filter, 
forms bed hard any sand bed. When subjected reverse 


current water strong enough slightly lift it, however, the volume 


increased perhaps 5%, and becomes liquid. object can 
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then pushed through with scarcely more resistance than would 

The conditions that control the stability lack stability 
quicksand may also control the stability lack stability mate- 
rials dams. 

The puddle clay core dam physically like 
quicksand, but with particles one hundred times smaller diameter 
and million times smaller weight. has the instability quick- 
sand full measure and retains for long time, perhaps 
indefinitely. 

With the coarse-grained part hydraulic-fill dam, that 
say, with rock toes, there may also, times, similar condition. 
Generally speaking, would expected that such coarse-grained 
materials would have sufficient drainage let out surplus water and 
prevent the possibility excess sufficient destroy its stability. 
With hard-grained materials from glacial drift New England and 
the Northern States, hard conceive lack drainage 
gravel that would permit the accumulation excess water. With 
the softer materials the Pacific Coast, however, the conditions may 
different. the first place, these soft rocks partial crushing 
under pressure produce fine material which tends fill the remaining 
spaces and reduce the drainage capacity. 

the other hand, each increment loading applied soft- 
grained material produces certain compression and settlement; and 
with reduction voids. This may happen toe soft rock 
the up-stream side dam against which water being stored 
during construction. There first open condition with ample 
voids and ample drainage. the dam built higher, pressure 
increases; there compression and reduction porosity. Each addi- 
tional increment loading and compression means that certain 
quantity water representing the difference between the old voids 
and the new voids must expelled. long the material remains 
sufficiently pervious carry off this excluded water, the process 
compression harmless. The surplus water pushed back into the 
reservoir and stability retained. There may come time, however, 
when the compression goes forward rapidly that the surplus water 
cannot carried off fast enough. When that point reached (if 
reached), there will tend excess water the interstices 
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and that excess will transmit some the pressure that was before car- 
ried only the bearings solid particles, and the frictional resist- 
ance the material will less, and perhaps much less, than was 
before. 

The thought has occurred the writer, looking material 
that slid the Calaveras Dam, that something this kind may have 
happened large scale—800000 cu. yd. fill flowed for -brief 
space, and then became solid. was, fact, solid that exam- 
ining afterwards, samples and borings, was difficult see 
how the material could have flowed—as certainly did flow. 

may that after the first movement there was some readjustment 
the material the toe that resulted producing temporarily this 
condition quicksand, and that destroyed for moment the stability 
the material and facilitated the movement that took place. 

This will not account for the initial movement; but the initial 
movement some part the material might result accumulating 
pressure, first one point, and then another, successively, the 
early points concentration were liquefied and that way condition 
comparable quicksand large mass material may have been 


produced. 


summarize briefly the points that the writer has attempted 
apply them practically dam construction: 


not well build hydraulic-fill dam material which 
any large percentage consists clay particles less than 0.01 mm. 
diameter; and general all such smaller particles may well 
wasted and excluded from the dam. 

2.—By reducing the construction pool minimum, and con- 
trolling and the quantities water used for sluicing, the core 
material may held certain degree coarseness wasting all 
smaller particles. effective size 0.01 mm. may 
sought. 

3.—To study borings the actual consolidation the material, 
and adjust the construction the upper parts the dam the 
demonstrated condition that which lies below. 

4.—To make the toes large enough resist with ample factor 
safety the whole pressure the core material liquid until there 
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demonstration the solidification the core point where hor- 
izontal pressure eliminated. 

5.—To increase the weight and solidity toes the use rock 
fill, placed hydraulically otherwise. 

6.—Stability increased compactness. worth while 
watch voids closely, and make every effort hold them min- 
imum. The extra weight advantageous, but security against com- 
pression and re-arrangement with resulting temporary quicksand con- 
ditions, can best reached this way. 


strict application these principles may reduce the number 
hydraulic-fill dams that are built eliminating that method 
construction from consideration where the available material contains 
too many very small particles. may also increase considerably the 
volume and cost those that are built. would seem, however, that 
following them logical conclusion, with such testing can rea- 
sonably done, will result eliminating present uncertainties and 


putting most useful method dam construction definite and 
safe basis. 
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NOTES THE GUATEMALA EARTHQUAKES, AND 
EARTHQUAKE-PROOF CONSTRUCTION* 


the present time, there has been possibility calculating 
earthquake strains for practical building purposes, due chiefly the 
uncertain knowledge physical conditions brickwork and masonry 
the destroyed damaged structures. After the use reinforced 
concrete had become general Guatemala, the effect earthquakes 
such structures led conclusions the destructive power 
compared with the transverse load for which the damaged undamaged 
buildings had been designed, but not much has been done, the 
writer’s knowledge, the way mathematical analysis. 

The damage done the Guatemala earthquake some steel 
structures afforded opportunity use starting point for 
more definite study, shown this paper. 

The abnormal conditions brought about those earthquakes, 
together with the World War, compelled the writer make some tests 
various tropical woods which, rough though they are, led him 
certain conclusions the nature the strength wood, which 
might extended other building materials. also appears from 


This paper will not presented for discussion any meeting the Society, 
but written communications the subject are invited for subsequent publication 
Proceedings and with the paper Transactions. 


Guatemala, Guatemala. 
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the results these tests, that some relation exists between the brittle- 
ness wood and its durability. 


The reconstruction Guatemala City after the earthquakes that 
practically destroyed December, 1917, and January, 1918, together 
with the difficulties importing building materials account the 
European War, brought that question mentioned Rankine 
defining the nature most engineering problems, “What rather 
than what ‘to think, order start the rebuilding work without 
delay.” 

was necessary therefore investigate practical and reasonable 
solutions, disregarding elaborate investigations, and from this point 
view the writer endeavored obtain the necessary data design 
several buildings the International Railways Central America, 
with which connected, well others for private parties who 
called him for that purpose. 

The first point determined was course the force the 
earthquake design the structures stand for equal shake 
with the customary factors safety. This was quite uncertain since 
all wrecked buildings had been constructed materials such raw 
brick adobe, brickwork common masonry, the physical properties 
which vary within wide limits; also because buildings the same 
type construction did, did not, collapse, depending their 
location. 

starting point, the writer had the records published the 
Society the San Francisco earthquake,* stating that none the 
concrete buildings designed for wind pressure lb. per sq. ft. 
had collapsed; also report the earthquake Sicily the Royal 
Italian Committee estimating the earthquake impact equivalent 
one-twelfth the weight the structure for the ground floor, and 
one-eighth from the second story up. was necessary, however, 
make sure that the Guatemala earthquake had not been stronger than 
those just mentioned. 

The earthquake impact force inertia depending mass 
(or weight) and acceleration, the acceleration being, more less, 
dependent the manner which the structures are supported, 
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the theory impact. That say, the earthquake 
destructive bodies likely vibrate freely than structures properly 
braced. 

Bearing the above principles mind, the writer tried get some 
instructive data from the ruins Guatemala City. The only specimens 
having definite physical properties that could found were the electric 
light posts, made rolled steel some which were bent 
the earthquake force. They were, therefore, strained beyond their 
elastic limit yield point. Since some did bend 
and some did not, the same neighborhood, fol- 
lows that they were not strained much beyond the 
average yield point steel; otherwise, all should 
have bent. 

Those columns, buried the ground, were 
ft. high above the surface and the bend was about 

o 


ft. above the ground line, The static 
load, equivalent the earthquake impact, ap- 
plied the center gravity the bent portion 
therefore can obtained follows, being the 
section modulus: 


For with flange width 
and in. thick, was taken 12. Therefore, 
3000 lb. Fie. 

This could not taken absolute value for any pole the 
same height, but should considered force inertia for the 
weight the bent portion the beam, 330 (16.5 per lin. ft. 
for the 20-ft. length). Hence: 

Earthquake Impact 
Weight 


! 
| 


9.1 


Or, say, round numbers, for pole buried the free 
the top, and acting cantilever. 

This reasoning was satisfactorily checked the formula for the 
acceleration earthquake given the Encyclopedia Britannica, 
the writer thinks Milne’s authority, follows: 
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which 

per second per second; 

strength, force per unit surface which when grad- 
ually applied produces 

column; 

center gravity column above the fractured base; 

weight the portion broken off; 


substituting and calling the breadth rectangular beam, 
and 


where the section modulus for rectangular beam. Then 


and 


other words: Bending moment due earthquake impact must 
equal resisting moment. This coincides exactly with the writer’s point 
view, and the foregoing computations. These computations apply 
pole with free end acting cantilever under the earthquake trans- 
verse force, whereas the walls building are tied across joists 
roof trusses which make them act supported beams. fact the 
pillars and columns with flat ends are about intermediate case 


between supported and fixed ends, but they are dealt with sup- 


ported ends the results will the safe side. 

The likelihood vibration, for different beams, measured the 
deflection taken under similar loading conditions, and, therefore, the 
deflection ratio will show the ratio the inertia can- 
tilever and simple beam the same weight, cross-section, and span. 

For the sake comparison, the writer adopted the formulas for 
deflections beams under uniformly distributed loads, although the 
distribution forces inertia along the beam not uniform. 
accordance with this principle, the earthquake impact canti- 
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lever 9.1 times its weight, the same earthquake impact simple 
beam should be: 

0.95 times its weight. 


Although the assumption simply supported ends for columns and 
pillars buildings, made the foregoing computation, results 
the safe side against the error due the non-uniform distribution 
forces inertia along the vibrating beams, the theory was not accepted 
until checked facts. The necessary confirmation having been found 
the damage done the earthquake Las Vacas Viaduct, miles 
east Guatemala City. This damage consisted the shearing some 
the sole-plate rivets connecting the trusses the towers, although 
none the trusses was displaced from the supports. 

The Las Vacas Viaduct 743 ft. long, 203 ft. maximum height, 
and its weight 976 tons structural steel with 166 tons track 
material, total 1142 tons. There are seven towers, the dam- 
aged ones being 127 ft. high, which practically the average. 

might assumed, therefore, that the weight the part the 
structure straining the sole-plate rivets was one-seventh the total 
weight, 163 tons. There are sixteen sole-plate rivets, in. diam- 
eter, tower, with sole-plates in. thick. The ultimate strength 
these rivets should 157 tons the rate tons per sq. in. The 
earthquake impact, according the foregoing theory, should 
0.95 163 155 seen that these two figures practically 
agree. 


Again, since only two towers were damaged, follows that the strain 
was not much beyond the breaking point; otherwise, all the forces 
should have given way. Also, all probability there were along the 
viaduct some fixed points, noduli, there are along vibrating strings. 

the analysis the nature the strains developed the earth- 
quake, the writer did not even attempt undertake it, since such strains 
are all kinds, oscillation, trepidation and swirls. 

The foregoing refers the reinforced concrete steel frame the 
buildings, the panel walls which are brickwork many cases—the 
only feasible type construction view the cement and 
steel due the War. was quite difficult determine the earthquake 
impact brickwork panels, since the application the elastic theory 
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such variable material brickwork rather uncertain, but for 
comparison with other observations they were considered fixed slabs, 
since they are held four sides concrete pillars and wall-plates. 
obtain simple formula for the deflection such brick panels, 
order estimate the corresponding earthquake impact, the following 
theory was applied. From the fundamental equation, 

the deflections are proportional the moments. ordinary practice 
that the bending moment for square concrete slab 


bending moment for the slab half the bending moment for the beam 
under the same load. 
appears, therefore, close enough assume that the deflection, 


for the slab should half the deflection for beam with ends fixed, 
or, say, 


so, the ratio the earthquake impact the weight should be, 
comparison with the ratio for cantilever obtained the foregoing, 
follows: 


9.1 0.09. 
This agrees quite well with the ratio 0.83, given the Italian 


Committee. 


24-in. wall, assuming its weight 150 lb. per cu. ft., should 
have earthquake impact per square foot lb. according the 
ratio given the Italian Committee, lb. according the writer’s 
assumptions. Adding wind pressure per sq. ft., the distance 
between the concrete pillars required prevent the brick panels from 
collapsing can computed. 

This was done considering portion wall ft. deep, disregard- 
ing the slab effect the safe side. This section wall, 
assumed simple beam, would acted upon earthquake impact 
0.95 times its weight, and the stress should not exceed the allowable 
transverse stress, taken per sq. in. conservative value. The 
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wall for half the span should not more than 
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‘end shear should not beyond 880 and the corresponding weight 


Assuming the weight lin. ft. wall ft. thick 300 follows 


20-ft, distance between pillars perfectly safe. 


might, objected that the weight roof has been neglected 


previously mentioned calculations, but the writer thinks that such 
rather adds the stability the walls bracing them against 
‘each other. 


matter fact, the inspection various ruins proved that, 


almost all cases, the gable ends buildings collapsed while the side- 
supporting the roof trusses remained standing less 


bad shape, which goes prove that the roof trusses were more help 
than spite their weight, which, the way, was rather 


‘great, since before the earthquake practically all the roofs town were 


pantiles. 
Finally, sufficient reinforcement was allowed the concrete wall- 
plates make belt around the buildings and main partitions, the 


tensile strength which should prevent cracking the corners, this 


having been suggested Shaw, Am. that time 


Engineer the International Railways Central America. 


Although the preceding reasoning and calculations are far from 
accurate, they agree well with facts, and they were developed with the 
idea being the safe side and within reasonable limits. 


Tests Native Woops. 


connection with the reconstruction work, some tests were made 
several kinds wood which are not commonly used for building 
purposes, with view adopting those passing the tests satisfactorily. 
The writer thinks the results his investigation might use 
engineers tropical countries, not absolute values, least 
guide. 

The investigations were based some fundamental ideas pointed 
‘out the discussion paper Henry Prichard, Am. 
“Faults the Theory that is, the transverse 
deformation materials depends not only the strength fibers 
but the bond between fibers well, especially wood, 
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the fibers which adhere each other means such variety 


cementing substances. some connection between the 


elasticity timbers and their durability was sought check sup- 
plement the chemical treatment, explained later. 

Among cementing substances, the albuminoids and carbo-hydrates 
are food for fungi and insects. was the writer’s opinion that all kinds 
wood with high modulus elasticity, compared with ultimate 
transverse strength modulus rupture, which ratio might 
called “modulus brittleness,” would contain large quantity 
albuminoids and sugar, and hence attract fungi and insects and cause 
rapid weakening and decay; also, that there should some more less 


constant ratio between the durability the ground and the resistance 


artificial chemicals. The only chemical available that 


time for applying the latter test was the hypo-sulphite soda com- 
monly used photography, which was substituted for the sulphite 
lime make paper paste. 

comparing the behavior some known and some relatively 
unknown kinds wood through these tests, the writer expected 
arrive some reasonable conclusions regard durability. The 
rough means experimenting available the time make the figures, 
given later, unsuitable for accurate calculations, but approximate 
enough guide. 

The transverse bending strength, and the coefficient elasticity, 
were determined simply supporting beam in. square sup- 
ports in. apart, the center breaking load consisting old castings 
and track bolts, the deflections being measured thread stretched 
between supports. For this case, the ordinary theory flexure leads 
the following expressions: 


ultimate strength bending center breaking load 


Center load 

Four specimens each kind wood were tested, the deflections 
being measured under five different loads for the same specimen. The 
timbers were unseasoned; fact, they were samples sent the pro- 
posed contractors. 

The chemical treatment was applied putting slice, in. thick, 
the broken beams vessel made 3-in. nipple closed with 
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pipe plugs the ends, the vessel being filled with cu. em. 
solution hypo-sulphite soda with strength and cu. 
em. acid with density 1.08. These vessels were 
enclosed cylinder connected the shop boiler and fitted with 
steam gauge maintain the unit pressure lb. during hours. 

After treatment the specimens were tested with home-made Vicat 
needle mm. square, weighing the penetration which afforded 
comparison between the known and relatively unknown woods. 

Each specimen was tested ten times. Most the native woods that 
were tested have never been classified, and impossible, therefore, 
give their scientific names, but engineers who have worked the 
tropics will very likely recognize many them. the 
results obtained for the known woods, was considered that values 
the modulus brittleness under 150 are favorable, rule, but for 
very strong woods, the ultimate transverse strength which more 
than per sq. in., values the modulus brittleness might 

needle penetration less than mm. appeared favorable. 
The strength chemicals and time steaming were determined 
trial. 

The results the tests are given Table 


millimeters 
558 000 122 40d. 1.47 
652 261 000 223 40d. 6.00 
Amarilla 605 819 000 171 20d. 2.80 
Maria....... 449 589 000 147 1.47 
Fustic....... 663 862 000 148 20d. 2.30 

751 702 000 186 16d. Practically nil. 
847 705 000 178 1.75 
8..|Red chichique..... 754 857 000 158 20d 2.20 

474 509 000 117 20d. Practically nil. 
pitch 766 582 000 180 80d. 2.40 
380 339 000 142 1.30 
587 095 131 20d. 0.70 
953 569 000 144 20d. 1.00 
(Atlantic) 644 958 000 145 40d. 5.00 
laurel....... 278 239 000 120 20d. 0.60 
285 556 000 126 0.40 
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Sample No. Sangria.—There were contradictory reports about this 
sample, Sangria, because different woods with similar 

Sample No. very similar Sample No. but 
lighter weight and the undesirable kind; the results the tests 
made possible clearly differentiate both kinds. 

Sample No. account its yellow juice, the 
third sample had the name “Leche Amarilla”, The ultimate transverse 
strength lb. per sq. in. the average four specimens, one 
which was low 000 

Sample No. Santa foundation blocks Santa 
Maria were reported perfectly sound after five years the ground. 

Sample No. False Mora, specimen odd wood 
was received, the sender claiming that was Mora which 
the war days was exported dyewood. The results the tests are 
given Table The needle penetration more than mm. and the 
modulus brittleness under 150, but very close it, contradicted the 
well-known lasting qualities Fustic. This being the case, the orig- 


log was examined wood expert and compared with log true 


with the result that was found that the sample was not true 
Fustic. 
Sample No. True Mora; Fustic.—The results tests true 
Mora Fustic were stated Table The needle penetration was 
inappreciable and the specimen could not broken with the fingers 
had been done with more less difficulty with previous samples. This 
harmonizes with assumptions and the well-known durability 


than 000. 

Sample No. ormigo. sapwood Hormigo rots very 
quickly, although its heartwood has proved satisfactory actual 
tice. The specimen used had fair percentage ‘of sapwood. The 
modulus brittleness was rather high, due the sapwood the 
sample, whereas the slice for chemical treatment was practically 
all heartwood. 

Sample No. Red Sample No. White 
There are two varieties Chichique, red white, which lead 
tradictory reports. The red variety has life of, say, years 
ground. The unfavorable results for white Chichique are confirmed 
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actual practice, the white variety rotten after being years the 
ground. 

Sample No. 10, wood has very good reputation 
actual practice. This specimen was rather well seasoned, 
came from shop 

Sample No. 11, was reported giving satisfaction 
the ground for foundation blocks. 

Sample No. 12, Native Pitch penetration was quite 
variable, sometimes being much 3.5 mm. There are reports 
some posts this quality rotting after years the ground. 


Sample No. 18, wood has proved fairly good 
actual practice. 


Sample No. 14, Giiachipilin—This wood very good actual 
practice, 

Sample No. 15, fairly good actual practice. 

Sample No. 16, Laurel (Atlantic very wood 
called black laurel the Coast, and some samples were brought 
from the Atlantic Coast with the expectation that they would 
good the others. The tests showed, however, when compared with 
Sample No. 17, that this expectation was not fulfilled. 

Sample No. 17, results for this wood confirmed 
its lasting qualities and are quite different from the laurel the 
side, Sample No. 16. 

Sample No. 18, results for this wood require 
comment. 

Sample No. 19, Giiayacan sample the 
required dimensions for the physical tests was available, but for the 
sake confirming the effectiveness the chemical treatment, small 
sample hand was subjected it. The needle penetration was nil. 

Several specimens unknown woods were tested, well, and 
comparison with the results for the samples listed Table some 
reasonable probabilities were obtained their lasting qualities, which 
made possible accept reject them contracts. 

The foregoing tests having been made more than year ago, 
cient time has not yet elapsed for actual experience confirm con- 
tradict the results, although they agree fairly well with the information 
available the time. 
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THE PROSPECTIVE COMPETITOR METHOD 
VALUATION 


The Courts having ruled that, estimating the fair value any 
operating property, the fact that the property going concern must 
taken into consideration and that this fact element value, 
there remains devised method whereby, when the fairness the 
rates question, this fair value the property can estimated 
with reasonable accuracy. 

The method which late years has found most favor that 
usually termed the Cost-of-Reproduction Method. general way, 


value arrived this method about follows: 


From cost reproduction the physical property (including 
percentage for overhead costs) deduct “depreciation”; this add 
going concern value. 

The method does not seem rest sound economic principles, and 
parts the practical operations involved its use not appeal 
the logical mind. Too much left mere personal opinion uncon- 
trolled guiding principles. 

One Court observed that reluctantly accepted this method 
because did not know better one. The remark the Master 


This paper will not presented for discussion any meeting the Society, 
but written communications the subject are invited for subsequent publication 
Proceedings, and with the paper Transactions. 


New York City. 
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the recent Denver Water Company Case with reference going con- 
cern value also illustrative. states: 

“There absolute standard which the fair value this ele- 
ment can determined, and adopt $800 000, because matter how 
often have considered the evidence and the arguments mind 
always comes back this reasonable and fair all the 


parties.” 

Further illustration the difficulties produced this method 
found the Minnesota Rate Decisions, which Justice Hughes 
pointed out connection with the valuation the land the railway 
that “the assumption its [the railway’s] non-existence, and the 
same time that the values that rest upon remain unchanged, impos- 
sible and cannot entertained.” 

Presumably the reproduction theory may based the view that 
this presents the means estimating what the property under valua- 
tion would have cost construct and develop present-day condi- 
tions prices labor, material, land, density population, and 
similar elements had been present during such period construction 
and development. This merely variation the theory that the 
fair value the property measured the investment, whereas, 
matter economic fact, there is, general, necessary relation 
whatever between the value and the cost property. 

What urgently needed the present time rational method 
valuation which harmony with sound economic principles and 
does not clash unnecessarily with well-established, legal decisions. 

The analysis new method determining the fair value 
railroad property, which follows, founded seven basic propositions: 


1—A railroad corporation private corporation; its property, 
although devoted the service the public, private prop- 
erty, and its value completely under the protection the 
Constitution that any other private property. 

2.—The property railroad corporation devoted the service 
the public, and which has been acquired through gifts 
donations, from earnings, is, equally with property acquired 
from the proceeds the sale securities, private property, 
and such under the protection the Constitution.. The 
surplus from the earnings the corporation likewise pri- 
vate property. 
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enterprise subject regulation entitled per- 


mitted earn such return as, the field free and open 
competition, would ordinarily accrue similar expenditure 
energy, foresight, and capital. 


4.—A public utility not entitled return accruable solely 


because its possession protection from com- 
petition. 


5.—Every kind business, without any exception, has element 


value known going concern value, and such going value 
way connected with the monopoly good will value. 


6.—The market value any property results from the use which 


put and varies with the profitableness that use, present 
and prospective, actual and anticipated. There pecuniary 
outside that which results from such use. The 
and profitable character such use determine the 
value. The measure that value its profitableness, present 
and prospective, actual and anticipated. 
fair value property measured its profitableness, 
present and prospective, actual and anticipated, under fair 
rates. 


The analysis results the development the Prospective Com- 
petitor Method valuation. The steps recommended the case 
valuation monopoly this method are follows: 


prospective competitor (instead “reproduc- 
tion” the property under valuation). 

2.—Determination the rate level which (within that maximum 
period time beyond which capital would not willing 
wait) will enable said competitor earn fair return its 
investment date. 

3.—Determination the annual net earnings, the date 
valuation, the property under valuation and the rate 
level indicated Item (2). 

the annual net earnings indicated Item 
this capitalized amount the fair value the property 
under valuation. the case properties competi- 
tion, the fair value all such properties combined (and 
which combination, consequently, may treated 
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monopoly) first obtained the preceding method; the com- 
mon fair rate level also ascertained. the application 
this rate level the individual properties, the fair return 
each ascertained. such individual fair 
return gives the individual fair value. 


The Competitor Method practically involves difficulties which 
are not met with the Reproduction Method, while logical through- 
out and based sound principles economies. 


PRINCIPLES AND RECOMMENDED PROCEDURE. 
Valuation, Its Theory and Uses. 


For many years the railways have contended that the activities 
the Interstate Commerce Commission and the State Commissions 
have resulted the lowering transportation rates point where 
the prosperity the industry has been seriously interfered with. The 
Commissions have always replied this accusation that, while the 
railroads certainly are not earning the normal rate return their 
capitalization, they are earning, the very least fair rate return 
their fair values; that the real trouble with the railroads and 
has been that they are greatly over-capitalized that fair charge for 
transportation produces comparatively small rate return the 
enormously watered capitalization. 

After many years persistent recommendation the part the 
Interstate Commerce Commission, Congress passed the law calling for 
valuation the railroads, which now progress. The principal 
reasons given the Commission for its recommendation were that 
the information was needed connection with the proper execution 
the duties the Commission, and that the controversy over railway 
values should finally cleared the interest all parties. 

Since the passage the Valuation Act, numerous comments have 
been heard frequent intervals, among these being statements that 
impossible find the value railway property; that the value, 
being dependent earnings, constantly changing, and that the 
valuation to-day would out date to-morrow; that valuation 
useless for rate-making purposes, the rates not depend any 
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way the value the property used; that there need for the 
regulation railway rates, for the reason that the business itself affords 
sufficient check over excessive rates (the very great general increase 
instituted the Government war measure hardly supports this 
last contention); and that there are number values for the same 
property, depending the use which the data are put. 

Discussion what constitutes fair value has been even more 
interesting, being largely colored the interests those entering into 
such discussion. The representatives the States have been con- 
sistent their position that was their duty see that the public 
did not have imposed valuation entirely excess the equities 
the situation. The railroads have been equally energetic their 
efforts see that the resulting valuation did not 
inequitably small result. Apparently, the Division Valuation 
the Interstate Commerce Commission early came the conclusion 
that the railroads were amply able, all proper occasion, 
demonstrate clearly the propriety deciding their favor any 
doubtful points, and that the proper policy was start out with assump- 
tions which would produce the smallest values; then, through hearings 
before the Division and before the Interstate Commerce Commission, 
thrash out the points controversy equitable conclusion. 

One the first claims made the constitution “value” was 
that was identical with “cost reproduction” the existing prop- 
erty, allowance being made for appreciation the value land; 
the railroads, being public utilities, were assumed not entitled 
any unearned increment. this position apparently became legally 
untenable, and the items cost reproduction ordinarily over- 
looked the casual observer became increasingly important, tendency 
developed assert that value equals, not cost reproduction, but 
original cost date the existing properties. 

The effect value produced depreciation and appreciation 
existing the property has also been widely discussed. Another 
the frequently heard statements connection with the ascertain- 
ment value that not matter fixed rules, this 
quotation from decision the Supreme Court being interpreted the 
effect that there are fundamental principles which the ascertain- 
ment value can based, thus still further befogging already com- 
plex subject. 
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none the many discussions the ascertainment value has 
there been any complete analysis the problem, followed 
work out principles solidly founded equity and eco- 
nomics, The present discussion attempt analyze the entire prob- 
lem and then build rational theory valuation harmony, 
possible, with such legal generalities far have been promulgated. 


Ordinarily, when public utility mentioned, understood that 
utility supplying water, gas, electric light, transportation 
community, and operating under charter corporation, meant; 
that other activities such farming, manufacture steel, clothing, 
food, ete., are not 

There has gradually developed the public mind feeling that 
utilities because their being public utilities, are subject 
entirely different economic laws and have entirely different legal and 
moral rights and obligations from those other forms commercial 
activity. This unreasoned feeling has been the cause much misunder- 
standing and dissatisfaction and much ill-advised regulation. 

Examined from the broad point view, almost every form com- 
mercial activity public utility. The farmer does not raise the 
greater portion his crops for his own use, but for the use the gen- 
eral public. The manufacturer manufaetures his product with the 
same object view. The essential difference between the so-called 
utilities and other forms enterprise lies the fact that, 
the case the public utility, there usually enters the element 
monopoly, either because the physical conditions surrounding 
because the interest the public that the enterprise shall 
conducted without competition. 

Perhaps broad definition for public utility that any indus- 
trial activity conducted such large scale under such conditions 
that the interests considerable portion the containing commu- 
nity are vitally affected thereby. 

Looking the future—bearing mind the great strides which 
have been made during the past fifty years the organization vari- 
ous enterprises—it seems probable that, the not distant future, many 
other enterprises will have arrived that perfection organization 
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where sufficient control exercised few persons enable them, 
unrestrained, reap the rewards possible only monopoly. 

individual not subject Government regulation. This simply 
misstatement fact. also frequently claimed that the giving 
the right eminent domain the public certain corporations intro- 
duces factors which justify the public establishing regulations not 
otherwise equitable. The purpose the giving the right eminent 
domain has been widely misunderstood and misrepresented. certain 
types industry, the absence the right eminent domain, 
would possible for single individual obstruct, even prevent 
entirely, the development particular enterprise. Yet has often 
been the public interest induce private capital enter such 
fields. this end, under various restrictions, the right condemn 
property, payment fair compensation, has been granted. 
claim that the conferring this right carries with the privilege 
making later exactions the grantee householder employed 
artisan certain work for him his house, gave him the key 
the house order enable him enter therein, and then stated 
the artisan that because having given him the key entitled 
pay him smaller compensation than the going rate for such service. 


3.—When and Why Regulation Industrial Activity 
Becomes Desirable. 


Ordinarily, industrial activity considerable scale, there are 
four important parties interest, namely, the owner the activity 
(the stockholder), the employee, the individual user the product, and 
the general public. 

Simply his capacity owner, the stockholder interested only 
the amount profit obtainable from his investment, although that 
interest extends the broad point view and not confined solely 
the narrow limit immediate results. 

The employee primarily interested the conditions service 
under which employed and the compensation received for such 
service. 

The individual user the service interested its quality and 
the payment which must make therefor. the service which 
desires unusually expensive one, his intérest that pay- 
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ment for such service based general averages cost, rather than 
the cost the individual service itself. For example, the man 
who lives one end the street car line and has his business the 
other end, desires that single average fare collected from each 
passenger. 

The general public, although less acutely interested than the three 
other parties, does have broad general interest considerable impor- 
tance. its interest that the relation between productivity and 
effort expended (such the amount capital utilized) securing the 
total production, favorable possible, for improving this ratio 
the wealth the community can increased. The basis the 
division cost service also important. Shall the user pay the 
entire cost production that which uses shall portion 
this cost distributed (as taxes) the general public? this 
conneetion, the general public must bear mind that there fre- 
quently indirect value the service which alone receives; for 
example, the first transcontinental railroad the United States made 
possible the development the Western territories and the knitting 
together widely separated populations into homogeneous commu- 
nity. Lastly, there remains the relation between the character the 
industrial activities and the requirement for good government. Will 
given policy industrial activity, permitted, react the political 
security the community 

Ordinarily, competition and the relatively diminutive character 
the individual industrial activity have been found regulate satisfac- 
torily the relations the four interested parties mentioned. the 
absence competition, whether due physical conditions other- 
wise, and even the presence competition the case activities 
great importance, some form artificial regulation the more 
less conflicting interests the various parties must resorted to, 
abuses will creep and multiply the point where dangerous 
unrest created, has been the case several localities and 
several occasions the transportation industry the United States. 


4.—What Valuation and What Are Its Uses Connection 
with Industrial 
The casual observer would apt say that valuation the process 
finding value. Such, far from being the entire story. 
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Valuation the process ascertaining one more number 
things, among which the following may mentioned being the most 


prominent: 
1.—Forced sale value—being the amount dollars for which 
property would sell thrown the market, sheriff sale. 
2.—Market value—being the amount for which property would 
sell when the owner desirous, but not compelled sell, 
when the purchaser desirous, but not compelled purchase. 


.—Fair value—being the value for which the property would sell 


the commodity rates were fair, the owner was desirous, 


but not obliged sell, and the buyer was desirous, but not 
obliged buy. 


.—Investment date—being the net amount capital which 


has been invested the property date, and, 
including expenditures for abandoned property and excluding 
the value aids, gifts, grants, and donations received. 


.—Original cost date—being the same investment date, 


except that the expenditure for abandoned property excluded. 


.—Cost reproduction—being the estimated cost, under normal 


conditions the date valuation, reproducing the 
existing property. 


.—Physical depreciation—being the percentage the useful life 


the existing property which has been consumed through age 
and use. 


.—Depreciation obsolescence and inadequacy—being the per- 


centage the life the property, whole and for its pres- 
ent uses, which has elapsed. 


value—being the amount which the property taxed 


(and depending the local tax laws). 


The principal uses claimed for valuation connection with indus- 
trial regulation are that the data are more less necessary order 
arrive equitable conclusions with reference taxation, indi- 
vidual rates, the general rate level, the amount paid cases 
condemnation and sale, capitalization, and the giving needed 
information the investor. 
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5.—What Value and How Many Kinds Value Are There? 


the fashion certain circles speak value being 
nebulous sort thing, undefinable and valua- 
tion purposes. another example the cuttle-fish instinct 
muddy the water with which the subject valuation frequently 
approached. The necessary first step any logical consideration the 
subject valuation define clearly this term its intended uses. 

Definition.—Value ratio exchange. 

other words, statement the number units one kind 
for which single unit another kind exchangeable. mere 
abstraction and requires the addition explanatory and limiting 
term make available for practical use. illustrate, diamond 
may have the same money pecuniary value fifty tons coal, 
but has not the heating value one ton. 

The forced-sale value property (which usually adopted 
the tax value) often only half, less, the normal fair value where 
neither buyer nor seller act under compulsion. Also, there the sen- 
timental value which the owner may place commercially worth- 
less heirloom. 

value the amount money property 
will sell for when the owner desires, but not obliged sell, and the 
purchaser desires, but not obliged 

this discussion, unless specifically stated the contrary, 
this value that referred whenever the term “value” used. 

Evidently (pecuniary) value, defined, determined solely 
considerations. 

value the value property determined 
present and probable future economic conditions. 

Regardless the fairness the rates effect any property 
subject regulation, market value determined the existence and 
probable continuance discontinuance these rates, and disregard 
their fairness except this may reflect their probable permanence. 

value the value which property would have 
if, for the present rates, fair rates were substituted, with the reasonable 
certainty that they would continue the future. 

evident that there are many values for property there 
are points view from which the subject can approached. For the 


q 
q 
a 


3 
7 
| 
7 


purpose this discussion, value will limited that for rate regula- 


COMPETITOR METHOD VALUATION 581 


tion and for condemnation and sale. 


6.—Profitableness Under Fair Rates, the Measure Fair Value. 


What undoubtedly the fundamental economic law kept 
mind the valuation property for condemnation for rate regu- 
lation has been stated the Supreme Court the United States, 
Cleveland, Cincinnati, Chicago and St. Louis Railway Company 
Backus, 154 489, the following terms: 


“But the value the property results from the use which 
put and varies with the profitableness that use, present and prospec- 
tive, actual and anticipated. There pecuniary value outside 
that which results from such use. The amount and profitable character 


Although true that, for property not subject regulation, 
the value any given time measured the profitableness, present 
and prospective, actual and anticipated, this not the value (more 
properly termed the fair value) found for use condemnation 
for use with reference rate regulation. For such purpose, fair value 
measured profitableness, present and prospective, actual and 
anticipated, under fair rates. this were not the case, would 
possible, through rate regulation, reduce the rates and, consequently, 
the net earnings and the profitableness the property any point 
arbitrarily selected, and then obtain value for condemnation purposes, 
based such unfair rates, which would far below the fair value 
the property. Such procedure would seem, equitably, incon- 
ceivable. 

The Courts have called attention the fact that, where the fair- 
ness rates doubt, profitableness resulting from such rates can- 
not properly used the determination fair value. This 
axiomatic. The converse also axiomatic, namely, that where the rates 
are acknowledged fair, the fair value can properly ascertained 
the use the resulting profitableness its measure. 

fair value dependent fair rates and fair rates fair 
value, would seem immaterial, when neither known, which 
ascertained first, except that, contrary the general view, prac- 
tically much more convenient first ascertain fair rates and then 


therefrom ascertain fair value, than proceed the opposite 
direction. 
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vs. Value. 


When the fairness the rates questioned, impossible directly 
apply any known variety profitableness the measurement 
fair value; some relation the property consequently must 
used. brief consideration several special cases, however, clearly 
indicates that, general, there necessary fixed relation between 
the cost property and either its market value its fair value.* 

If, therefore, cost used the determination fair value, 
necessary that applied (1), under such special conditions 
shall create known relation between such cost and the fair value, and 
(2), where such established relation shall equitable. Then, wherever 
such conditions can simulated, one can properly utilize such variety 
cost the determination fair value. 

Except through occasional accidental coincidence, however, the only 
under which cost bears fixed relation value are 
those which some one having the necessary power decrees that such 
commodity rates shall charged that the resultant profitableness will 
establish this chosen relationship. This can done the case 
monopoly, but impossibility the case two more prop- 
erties subject 

order that the owner monopoly under regulation shall not 
deprived that protection against confiscation which guaranteed 
the Constitution, the next step inquire what case, 
capable being simulated under the above circumstances, equitable 
some relation cost and value and just what this 
cost and this relation are. This problem economics and economic 
principles only are involved. 


plant for the manufacture furniture constructed the wilderness 
cost purchasers can found for the product and the salvage 
value the plant only $1000. the relation cost value 100 
similar plant built the same cost where labor and raw materials are plentiful 
and where the market good that the average profits are $18 000 per year. 
capital worth per annum, the value this plant $300 000 and the relation 
cost value Between these extremes lie all varieties relations 
between cost and value. 


Consider two plants, and competition. Being competition, they must 
adopt the same selling prices, one would all the business. Assume that the 
prices, A’s gross earnings are 000, and his net earnings are 000 per year, while 
B’s gross 000 and his net Suppose decreed that the selling price 
shall raised one-third order that A’s net shall become $6000. Then B’s net 
becomes 000. Capitalizing, 6%, A’s value $100 000 and equals 

$133 333 against $200 000. 


selling price applied both will give each the same ratio cost value. 


his while B’s value becomes 
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The owner every regulated enterprise entitled earn the same 
profit the same amount capital, intelligence, and industry would 
normally enable him earn the field free and open competition.* 
Therefore, fundamental importance establish the prin- 
ciples under which commodity selling price determined the open 
field free competition. 


8.—The Principles Governing Free Competition—Their Application 


Let suppose some community served some commodity 
producer whom will call briefly the and Company. This 
company has been the field for years and has competition. Local 
conditions not prevent competition, and the commodity price not 
limited the public’s ability pay. 

Certain capitalists, whom will call the Company, are 
looking for favorable opportunity make investment their surplus 
capital. They, course, have the range the entire field invest- 
ment, regulated and unregulated, foreign and domestic, from which 
choose; they will enter that field which, investigation, gives 
promise offering the greatest inducement profit, risk con- 
sidered. Among others, the field occupied the and Company 
comes under their consideration. Their decision whether not 
become competitors the and Company will governed 
the answer which they accept the following question: 

“Considering the difficulty establishing new enterprise com- 
petition with old, established concern, will possible, within 
reasonable period time for such new concern create more than 


normally profitable business, considering the amount capital which 
would have invested 


the amount capital necessary invested the pro- 
posed new enterprise, the Company realizes the following: 

the amount money which was necessary for the 
and Company invest its plant, nor the profitableness that 
enterprise, has any bearing the situation. 


*To deny this establish one two conditions: greater return 
allowed, the public assessed greater than normal charge for service rendered. 
the right earn least this amount denied, and becomes known that such 
the rule, capital cannot enticed into the enterprise, and will become dependent 
Government ownership will destroyed. For unquestionable fact that 
liquid capital free and will invested only where can obtain least the normal 
rate return, risk considered. The entire field investment freely competitive 
enterprises, home and abroad, open all times. cannot coerced into 
entering regulated field where will compelled accept less than the normal 
return obtainable the competitive field. 
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2.—The Company will obliged pay present-day prices 
for the land, labor, and material entering into the construction its 

possible volume business limited amount; also this 
total available must divided with the and Company, already in. 
the field. 

and Company cannot secure commodity prices higher 
than those which the customer can afford pay; the Company 
cannot secure prices higher than those the and Company. 

5.—In determining the total amount capital which the 
Company must invest its proposed enterprise, there must included 
not only the actual expenditures for construction, but also the loss 
normal rate return its expenditures during the construction 
period and during the lean years (the “development period”) which 


must follow, during which its volume business being built 


sufficient density enable the normal rate return earned 
the entire investment. 


One the most common causes failure business concerns 
insufficient capital; the insufficiency all too frequently caused 
under-estimating the capital requirements the development period 
and failing provide adequately for contingencies. 

determining the amount capital necessary the competition 
with the and Company, the Company would ordinarily pre- 
pare its own plans, estimate the purchase price the land prospectively 
required, estimate the construction and operating costs the prospec- 
tive plant, etc., addition estimating the volume business and 
the unit selling price probably obtainable. 

matter convenience, however, the Company might con- 
clude that could obtain practically the same construction-cost and 
operating-cost figures taking the estimated cost reproduction 
the and Company’s plant under present-day conditions and 
using the and Company’s unit operating costs. Herein lies 
the sole economic justification for “cost reproduction” 
major element the determination value. The Company 
would still obliged, however, make independent estimate, not 
only the amount business which it, the Company, 
competitor, could secure, but also the capital cost its develop- 
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ment period under these conditions; could not substitute and 
Company data for this purpose and obtain acceptable results. 

the field free competition, the conditions facing the pro- 
spective competitor and not the cost the existing property which con- 
trol commodity selling price and, consequently, profitableness and value 
the latter. The value any unregulated individual enterprise bears 
necessary relation its cost. For illustration: The cost manu- 
facturing plant constructed the heart Alaska would much 
greater than that duplicate plant constructed railroad the 
State New York; but the profitableness the New York plant, and, 
consequently, its value, would probably much greater than that 
the Alaska plant. 

Consideration the preceding illustration the working compe- 
tition the regulation commodity price indicates follows: 

A.—The fair commodity selling price the time investigation 
and the field occupied the and Company that which 
just.sufficient permit prospective competitor—as the Com- 
pany—a normal rate return, risk considered, its necessary capital 
outlay, this being based development period not exceeding that rea- 
sonable time which capital would content wait for fair return. 
For this free field, wide open all competition; this commodity 
price neither invites competition nor repels it; higher price estab- 
lished the and Company would attract competition, while 
lower price would repel it. 

measure fair value the and Company its 
profitableness, present and prospective, this fair commodity selling 
price—just sufficient permit prospective competitor earn normal 
rate return, risk considered, its necessary capital outlay. 


valuation the non-competitive fields, proper, therefore, 
instead constructing theoretical “reproduced property” some- 
times suggested, construct theoretical “prospective competitor”. 
Thereby the conditions governing commodity price the competitive 
fields are simulated and the way thus opened estimate fair com- 
modity price and fair value the property under valuation. 

noted that the illustration, and, consequently, the prin- 
ciples deduced therefrom, refer only the case where the existing 
company has competitor; other words, monopoly, though 
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able remain only not charging unfair prices for its com- 
modities. 


9.—Method Estimating the Fair Value Enterprise 
Subject Competition. 

Where the valuation competitive properties issue, the same 
principles can applied first considering all the competitive prop- 
erties single unit, such unit being, course, monopoly the 
type used the illustration. this manner, through resort the 
use the prospective competitor for this monopoly, the fair commod- 
ity price and the sum the fair values all the competitors are 
obtained. 

The problem still solved is, having estimated the sum the 
fair profitableness and the fair values the properties regarded 
unit, and having records showing their present and past individual 
operating statistics, how find their individual fair values. 

The first step compare the sum the fair profitableness 
with the sum the normal actual profitableness 
the percentage which the actual must raised lowered 
equal the fair profitableness. Next, apply this percentage correc- 
tion each individual normal actual profitableness order obtain 
its fair profitableness; from this, compute fair value capitalizing 
the normal rate return, risk considered, such industry. For 
example, three railroads—A, and C—are competition certain 
district; they have present gross earnings $10000000 and net 
earnings 000, divided between them, shown Table 


TABLE 
Road. Actual gross. Actual net. Fair net. 
(a) 
A $2 000 000 $800 000 $1 000 000 $16 667 000 
B 3 000 000 950 000 1 250 000 20 838 000 
$10 000 000 000 000 000 000 $83 833 000 


Assume that valuation indicated that the total fair profitableness 
the three railroads should 000 000 instead order 
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increase the gross earnings 000 000, 10%, this being brought about 
10% raise the general rate level. Adding 10% its gross earnings 
the present net earnings each railroad gives the fair net, 
shown Table Column This amount capitalized indicates 
fair value, shown Column individual rate, being too 
high, lowered, this merely requires that slightly more than 10% 
added the other rates produce the necessary fair gross earnings. 


10.—Assumptions and Mode Procedure the Determination the 
Fair Value Monopoly Railroad. 


devising the various assumptions which must adopted, the 
“competitor” method estimating fair value, two fundamental facts 
should kept constantly view guide, namely: 

object the resort the theoretical “prospective com- 
simulate, for the property under valuation, the condition 
which would normally produced that monopoly were actually 
subject normal free competition, and thereby make possible 
estimate what its profitableness, under such conditions, would be. 

2.—It evident that the entire economic justification for the use 
cost reproduction one element the determination value lies 
that, properly used, ordinarily gives practically the same results 
would obtained from out-and-out new estimate the cost 
construction prospective competitive plant; the assumption must, 
consequently, always made with this fact view. 


A.—Assumptions.— 


Assumption 1.—The prospective competitor has the same 
bility all sources revenue the property under valuation. 
other words, can, when properly seasoned, offer the customers 
the monopoly exactly the same facilities those offered the 
monopoly. illustrate, the company under valuation has certain 
traffic agreements with its connections; the prospective competitor must 
assumed, the cost reasonable amount negotiation, secure 
the same terms. The old company reaches great manufacturing plant 
means track located through the only available com- 
petitor must assumed able reach the same plant “cost 
reproduction” the old company’s track. 
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Assumption 2.—The development the earning power the com- 
petitor will occur through competition, under normal conditions, with 
the monopoly under valuation, for all the available business, present 
and prospective. 

Inasmuch the competitor, when properly seasoned, able offer 
the same inducements can offered the property under valuation, 
would ordinarily appear that, shortly after the commencement its 
operation, the competitor should divide equally with the property under 
valuation the then business the latter. Thereafter, the normal rate 
growth business the industry, recent years, the rate growth 
assumed for the business the competitor, for the reason that 
one the objects accomplished the reduction development 
cost normal basis regardless the history the individual enter- 
prise (usually history small enterprises, failing, re-organized, com- 
bined, and re-combined over long periods time). 

Assumption 3.—The construction the competitor’s plant will 
carried out under present-day methods, present-day normal prices 
and under present-day legal and economic conditions. The dates 
construction the individual pieces property will selected 
economically harmonize with the needs indicated the programme 
development its earning power. 

Except can clearly shown would carried out otherwise under 
the present-day conditions confronting the competitor, the physical 
characteristics, and, consequently, the construction quantities, including 
land, the competitor are taken ultimately identical with those 
the monopoly under valuation. Construction evidently economically 
greatly excess requirements would developed piecemeal re- 
quired. Thus, the competitor railroad would ultimately have the same 
length line, grades, curvature, quantities grading, the rail- 
road under valuation, but the structure built materials longer 
available would reproduced with accessible materials equal 
suitability. 

Assumption 4.—The naked land value the lands adjacent those 
required the competitor will the same, each case, the naked 
land value the lands adjacent the lands the monopoly. The 
improvements assumed resting the land required for the com- 
petitor are the same character and value per acre those similar 
lands the general vicinity, but not necessarily adjoining the monop- 
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oly’s local facilities. The right competitor use public streets 


would, would not, paid for, according present-day practices 


the community dictate. 

Assumption 5.—The competitor will obliged pay for its land 
whatever amounts experience teaches would ordinarily have paid, 
such communities, railroads, for lands having naked land values 
equal those surrounding the lands the old company. These 
prices would include payments account severance and other damages. 


Procedure.— 


1—A programme showing commodities, not dollars, the 
estimated gross business the competitor, year year, will devel- 
oped for period sufficiently long equal, its end, the normal busi- 
ness the property under valuation, the date valuation. 

construction cost programme based, general, the repro- 
duction the existing properties the monopoly under valuation, but 
rate and order harmonizing economically with the adopted 
traffic programme the competitor, will next made. 

operating cost programme showing year year the com- 
petitor’s estimated gross operating costs, will next constructed. 
There must included operating expenses proper annual allowance 
for deterioration, obsolescence, abandoned property, maintenance, taxes, 
and rentals accruing after the commencement operation; amounts 
accruing before this date are proper addition construction costs. 

annual gross and net earnings the competitor 


‘should next prepared. The rate level used estimating 


the competitor’s gross earnings the lowest rate level which, within 
that reasonable time which capital would contented wait, will 
produce net earnings for the competitor equal fair return the 
competitor’s cost date. 

5.—From the preceding, the final table showing the competitor’s 
estimated cost date for each year and including loss during 
construction and loss fair return during operation can prepared. 

6.—Having found the proper general rate level for use estimating 
the prospective competitor’s gross earnings, the fair value the 
property under valuation obtained capitalizing its profitableness 
this same rate level. 
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Discussion MISCELLANEOUS SUBJECTS. 


Summary Important Principles Enunciated the Courts with 
Reference Fair Value and Fair Return. 


The essential principles enunciated the Courts with reference 
fair value and fair return can summarized follows: 


1.—What the company entitled ask order that may have 
just compensation, fair return the fair reasonable 
value that which the time utilized for the public 
convenience. 

2.—On the what the public entitled demand that 
more than reasonable compensation shall exacted for 
the service performed. 

3.—The public does not underwrite unwise improvident expendi- 
tures; such expenditures not add the fair reasonable 
value any property and the company cannot demand the 
public that compensated for them. 


still are left these decisions discover the principles 
which proper method can based for ascertaining (1), what the 
fair value the property the company used; and (2), what 
reasonable compensation for the service performed. 


Nor does the following from San Diego Land and Town Company 
vs. Jasper, materially forward the investigation 


“The ascertainment that value not controlled artificial 
rules. not matter formulas, but there must reasonable 
judgment having its basis proper consideration all relevant facts. 
The scope the inquiry was thus broadly described Smyth vs. Ames, 
‘in order ascertain that value, the original cost construction, the 
amount expended permanent improvements, the amount and market 
value its bonds and stock, the present compared with the original 
cost construction, the probable earning capacity under particular 
rates prescribed statute, and the sum required meet operating 
expenses, are all matters for consideration, and are given such 
weight may just and right each case. not say that 


there may not other matters regarded estimating the value 
the property.’ 


2.—That Reasonable Compensation Which Rates Are Limited. 


Most enterprises under regulation differ from those operating 
free competitive field that the former, greater less extent, are 
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protected from competition the interposition various physical and 
legal barriers. Thus, water-works may protected from competition 
legislative enactment, may protected through ownership 
the only reasonably available source supply. 

Reading between the lines the Court decisions with reference 
the fairness individual cases rate regulation, broad guiding 
principle which seems have been kept mind that the ruling 
should such deprive the regulated enterprise the benefits 
any monopolistic protection and permit the earning only such 
return as, the field free and open competition, would ordinarily 
accrue similar expenditure energy, foresight and capital. This 
well illustrated the remark Justice Holmes Cedar Rapids Gas 
Company vs. Cedar Rapids, that what the Court excluded was good 
will advantage incident the possession monopoly far 
might supposed give the plaintiff the power charge more 
reasonable price. The following may aid illustration: 


Assume that certain farmer takes his wheat Chicago and 
demands for per bushel. that unreasonable price? No, not 
can get it, for this free, competitive market; the circum- 
stances did not justify the price, others would fill the demand lower 
price, compelling him also lower his price keep his wheat. 

certain community obtains its water supply from lake 
miles distant, hauling wagon cost per 1000 gal. The 
and Company builds pipe line and delivers water the town 
cost, including normal rate profit, cents per 1000 gal.; 
charges cents, making very high return the investment. The 
quantity water consumed the town small, however, that 
rival entering the field and dividing the demand with the present com- 
pany could furnish water profitably for less than cents. the 50- 
cent rate unreasonable? No, because the business freely 
the demand increases, the company will obliged lower its rates 
prevent competition. Meanwhile, the company, its enterprise, 
performing service saving the town cents each 
1000 gal. consumed compared with the cost under the old method 
haul. 


Suppose that, the preceding case, the and Company buys 
the water supply and thus renders competition difficult, the next 
source supply miles away. Because the miles— 
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and the small demand the town, would cost the Company 
cents per 1000 gal. deliver water normal profit. Would 
reasonable for the and Company charge cents under 
these The charge would unreasonable because 
now based, not that which would established competition pre- 
vailed, but, the contrary, the holding monopoly the water 
supply the vicinity. 

railroad was built from the City into certain undeveloped 
coalfields route passes through gorge which furnishes the 
only low-grade line across the mountain between the two points. 
completely occupies the gorge, other railroad can built, except 
prohibitive cost, over the mountains. transportation charge 
which would net.6% the cost any line over the mountain would 
pay 20% the cost the gorge route. Owing the absence other 
coalfields the vicinity, coal could moved profit even this 
high charge. Would the charge under these conditions unfair? 
The charge would unfair because based monopoly the 


gorge route, and not rates which competition would establish the 
absence this physical barrier. 


The frequently recurring statement the older decisions that 
service company cannot lawfully charge more than the serv- 
ices are reasonably worth the individuals” becomes 
absurdity literally interpreted. Suppose, that, for example, the 
market for lumber the and Railroad and $10 per 
1000 ft.; farmer owns timber some miles from the railroad 
its distance from the railroad being great that the cost cutting 
and hauling the railroad $10 per 1000 ft., being just equal the 
price which would receive for the timber delivered the market 
Inasmuch there would profit him the transaction, 
the value him the service performed the railroad company 
hauling his timber from would nothing; consequently, under 
the literal interpretation the decision, the railroad company could 
make charge for the service, because possessed value the 
owner the shipment. 

the later decisions the Courts, has evidently been recognized 
that rates, fair, must fair both parties the transaction, 
and that the statement the value the service meaningless; 
consequently omitted. Thus, Darnell vs. Edwards, 244 
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564, the Court, while pointing out that the public should not com- 
pelled pay rates based extravagant expenditures, states: 
determining whether rates are confiscatory, because not yielding 
proper return, the basis the fair value the property 
used the service the public.” 


Fair Value Property Subject Rate Regulation the 
Same for Condemnation for Rate Regulation. 


The well-known principle law observed condemnation 
cases that the fair price paid the owner that which buyer, 
desiring but not compelled buy, would agree with seller, desiring 
but not compelled sell. The basis agreement between the buyer 
and the seller, such cases, conscious unconscious meeting 
their minds the profitableness, present and prospective, actual 
and anticipated, the property under discussion and translation 
this into terms value. 

Where the property subject rate regulation and where, 
fore, the profitableness can varied regulating the rates, evi- 
dent that this rule must modified that calls for meeting 
the minds the prospective buyer and the prospective seller, based 
their views profitableness under fair rates. 

case rate regulation, the owner entitled such rates 
will enable him earn fair return the fair value his prop- 
erty. The measure the fair value his property evidently the 
profitableness under fair rates, but this identical with the fair value 
determined the previously mentioned rule observed con- 
demnation where rate regulation effect. 

assumed, course, that the same property the subject 
consideration each case and that, only the portion the property 
used for carrier purposes considered for rate regulation, the same 
(and not also all the non-carrier property) will the subject con- 
sideration for condemnation. 


4.—The General Rate Level (and not Individual Rates) the Subject 
the Inquiry the Determination Fair Value 
Railway Property. 


The movement bituminous coal the Lake ports furnishes 
excellent illustration the situation dealt with the consid- 
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eration individual rates. Coals for the Lake ports are obtained from 
the coalfields Ohio, Indiana, West Virginia, and Kentucky. 
The length haul varies from few miles several hundred miles; 
also, the cost transportation per ton-mile varies because varia- 
tions grades, size engine, The quality the coal, and, 
sequently, the selling price the Lake port, varies with the different 
fields. The cost production the coal the mines varies because 
differences rate pay the miners, thickness vein, relative 
quantity slate, ete. uniform rate per ton-mile would drive some 
the more distant fields out the market. The situation resolves 
itself into this, that, with fixed coal selling price per ton the Lake 
port, the profit the total operation involved divided between 
the owner the coal, the coal miner, the coal operator, the transporter, 
and the distributor, some equitable basis. 

evident that the position taken many those engaged 
the regulation rates, the effect. that the fair value the prop- 


used not the principal factor and often not even impor- 


tant factor the determination fair rates, entirely correct when 
limited the consideration individual rates. For the purpose 
obtaining the fair value the property used for the public, fair profit- 
ableness the only true measure such fair value. Fair profitable- 
ness, however, turn depends on, not the fairness the individual 
rate, but the fairness the general rate such valuation 
work, assumed that all the individual rates are equally fair, 
unfair, the carrier and that, consequently, the raising lowering 
the average rate level uniform percentage, the remedy for 
unfairness, such exists. The fairness, unfairness, the average 
rate level determined the one consideration that will, will 
not, afford fair return the fair value the property used for the 
public. 

Fair value, therefore, becomes indispensable factor the deter- 
mination the fairness the general rate level. 


5.—The Relation Risk Rate Return. 


Liquid capital, its field investment, cannot 
coerced; the direction its movement controlled solely economic 
conditions. Provided merely risk and not the certainty loss, 
seeking investment not primarily concerned the pres- 
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ence risk, for able protect itself varying the rate 
premium demanded. 

man makes his individual investment any other basis than 
the hope that his particular investment numbered among the 
successful ones. Many prove unsuccessful, however, and these fail- 
ures, becoming more less known, produce fear, great little, accord- 
ing their ratio the successes. This fear must overbalanced 
the offer premium over safe investment rate. This premium 
the form the known high profit made the successes. the 
premium does not appear high enough, the investor goes else- 
where. 

order that capital shall continue enter given industry, 
necessary that the return, risk considered, capital invested the 
industry whole must equal the return from investment other 
industries. This matter fundamental economic law and not 
permanently susceptible modification Court Commission. 

Suppose that, from the beginning, single capitalist had furnished 
all the capital for each and every individual enterprise given indus- 
try; one ten his investments, measured the amount capital 
invested, proved failures, and the capital invested therein has been 
destroyed; the remainder are still live enterprises producing various 
degrees return (or even loss) the investment. order that the 
capitalist shall well off to-day had simply deposited his 
capital savings bank interest, must have received from 
the successful industries return his total investment equal 
per year plus the amount capital destroyed Stated differ- 
ently, must have received each year the total capital invested 
still living enterprises rate equal the rate return safe 
investment plus the annual rate destruction capital the 
industry. 

regulation holds the rate below this economic level, may 
possible for time entice unwary investors into the industry; sooner 
later, however, its rate development will retarded not 
destroyed. hasten development, rates must above normal. the 
risks the industry vary different sections the country, the rate 
return will likewise have vary, those sections where the risk 
greatest will suffer. 
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6.—How Can the Fair Rate Return the Fair Value 


Most railroad property owned corporations whose securities 
are more less actively traded the stock exchanges the coun- 
try; consequently, the current prices can ascertained with little 
difficulty. Also, the records the corporation show the amount 
such securities outstanding from time time the hands the 
public. The current prices multiplied the amount outstanding give 
the public’s opinion from time time the market value such 
property. The net earnings the property from time time are also 
ascertainable from the records the corporation. Both the net earn- 
ings and the public’s opinion market value are constantly fluc- 
tuating, but take average figures for each over considerable 
period time and divide the average net earnings (profitableness) 
the average market value, the result will closely approximate the rate 


return which, risk considered, the public demands railroad 
securities before will invest them. 


Observations the Valuation Properties 
Subject Competition. 


The presence competitors greatly complicates the problem 
valuation, for the reason that there are, such cases, many intangible 
factors which affect profitableness and which cannot properly over- 
looked. For example, suppose all the railroads certain self- 
contained district were owned and operated single property. The 
methods suggested for the valuation monopoly could readily 
applied. Suppose, however, this single railway system split 
several more less competing systems under different ownership and 
operation. still holds true that profitableness under fair rates 
the measure fair value each individual case; but how shall 
compute this profitableness? 

the case railroad forming part group which the 


lines are competition, one with the other, some the elements 
which affect profitableness are: 


Affecting Number Units 
Length road; 


Density and character adjacent population; 
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Number and character industries adjacent; 
Traffic production absorption capacity connections; 

capacity the railroad—number main tracks, character 
terminals, number, character, and size available 
equipment, 


Affecting Unit Price Output.— 
Rate regulation; 
Length haul; 
Intensity competition; 
Percentage through rate secured, 


Affecting Unit Cost Output.— 


Maximum grades and curvature; 
Length haul; 

Character product; 
Character equipment; 
Adequacy facilities; 

Density 

Character agreement affecting interchange traffic, etc.; 
Regulations affecting quality service, 


usually customary enumerate among the things 
which make profitableness possible: 


The presence the physical property 

The possession franchise permitting the operation such 
property 

The fact that the period has already been passed through during 
which occurs the development business the point where 
its volume sufficient for fair profitableness (this usually 
called “going concern 

The fact that the property has been constructed permit 
unity use and connected operation instead being con- 
structed that cannot used operated; 

The fact that the management has created friends who become 

the customers and thus the source revenue the property. 
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Remembering that value measured profitableness, the value 
individual railroad the possession such railroad the vari- 
ous elements profitableness (and, therefore, value) measured, 
the case each such element, the effect produced the pres- 
ence such element the total profitableness the railroad. These 
various elements can affect the profitableness the railroad whole 
only increasing earnings reducing expenses both. order, 
therefore, compute value this manner, necessary compute 
separately for each element value the property, its effect 
earnings and expenses (and, consequently, profitableness). 

attempt thus compute value separately computing what part 
the total value inheres each the various elements value pre- 
viously enumerated (and the many others which are suggested 
enumeration) evidently become involved hopeless mass 
detail from which useful results cannot emerge. would useless 
attempt compute the value few these elements unless the 
value the sum the remainder known. 

The composite effect all the various elements value possessed 
the individual railroad property accurately weighed and regis- 
tered the profitableness resulting from operation under the exist- 
ing conditions. This, however, merely gives market value and not nec- 
essarily fair value (which would measured profitableness, present 


and prospective, under fair commodity rates). How then shall 
proceed estimate fair value? 


One suggestion advanced that, such case, fair value 


cost plus “other values and elements value”. The only true measure 
value profitableness. The profitableness individual railroad, 
subject competition, bears necessary relation, and can made 
bear fixed relation, cost. Therefore, state that the value 
such property equal its “cost” plus “other values and elements 
value” does not any way advance the process computing such 
value. merely equivalent stating that the weight steer 
equals 500 lb. plus certain other weights yet ascertained. 


8.—The Relation Depreciation and Appreciation Fair Value. 


Depreciation lessening value compared with value under 
the condition (called depreciation brought about 
any cause which reduces profitableness, present prospective. Appre- 
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ciation the opposite depreciation; may regarded negative 
depreciation. 

Solidification roadbed, grassing slopes, adjustment 
working parts machinery, reduce future maintenance costs; 
development traffic increases net earnings; both, therefore, add 
the profitableness and thus produce appreciation value. 

Physical deterioration, obsolescence, and inadequacy 
ableness by, some future time, increasing gross expenses com- 
pared with the gross expenses necessary the absence such condi- 
tions and produce depreciation value. The usual remedial process 
the replacement certain portions the original property the 
cost the expenditure involved restoring original conditions. This 
expenditure usually termed “maintenance cost”. Under certain 
conditions, this cost matures regular intervals amounts which are 
not embarrassing. Under other conditions, the increased cost accrues 
over long periods time until, maturity, assumes proportions 
which may produce disastrous results three ways, namely: 

The treasury the enterprise may suddenly called for large 
sums which may not position readily supply and which, 
therefore, might involve the enterprise financial difficulties. 

This gradual accrual may not become apparent the ordinary 
annual reports the corporation its stockholders. These stock- 
holders, well intending stockholders, basing their estimates 
value the property the reported past net earnings, form 
entirely erroneous conclusion, because they not realize that the 
future earning power will much diminished when becomes neces- 
sary make the renewals required account the heavy accruals 
deterioration. 

the commodity rates are under regulation and subject fre- 
quent adjustment, the fluctuations earning power brought about 
gradual accrual and sudden maturity deterioration, cause unequal 
distribution the production cost among early and late purchasers 
the product. 

For these reasons has become customary, from time time, 
include operating expenses amount for “depreciation”, more 
less approximating the annual accrual. These amounts “deprecia- 
tion” are included current operating expenses and book credit 
set up, against which credit the actual expenditures remove matured 
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deterioration are charged they occur. Sometimes, addition the 
mere bookkeeping, actual fund created, segregating the amount 
charged “depreciation” from the other gross earnings the cor- 
porations, thus establishing more complete protection. 

Various methods have been proposed for estimating the amount 
accrual deterioration, which approximate more less closely the 
actual accrual. The object each case the same, namely, dis- 
tribute maintenance cost more uniformly than only expenditures for 
replacement matured deterioration were charged 

evident that the item which final charge maintenance 
expense the cost removal deterioration (or “depreciation”) 
and not the deterioration itself, which latter condition and not 
expense. 

the absence removal, the present worth the future cost 
such removal evidently the measure the depreciation value 
compared with the value the removal had already been completed, 
all other conditions remaining unaltered. observed 
properties made great numbers articles, the ties rail- 
road track, there constant tendency the amount deterioration 
—of the-loss useful life—to reach 50% and remain constant 


that level. Such deterioration the property whole never 


removed—the property designed really normal use- 
condition only when this status reached—and there is, consequently, 
future cost removal consider and which compute the 
present worth. 

the case appreciation, removal thereof neither necessary nor 
desirable; nevertheless, the production the appreciation, whether 
voluntarily involuntarily, has usually been accompanied, some 
form, cost; this cost either chargeable maintenance oper- 
ating expenses, must regarded capital expense incurred 
the building the property its present condition. mat- 
ter fact, the cost that appreciation which takes the form 
solidification roadbed and ballast, grassing right way, adjust- 
ment working parts machinery, ordinarily enters into oper- 
ating expenses railroad accounting and can segregated only with 
difficulty, all, from the other items operating expense, making 
difficult treat capital expense item. 
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Under the “competitor” method suggested for finding the value 
property, the first step estimate that fair rate level which, within 
that reasonable time which capital would willing wait, will pro- 
duce net earnings for the competitor equal fair return the 
competitor’s cost date. order estimate this rate level, 
necessary estimate, over period years, the gross and net earnings 
the competitor. Whatever method computing 
use the property under valuation, should applied the 
estimating the maintenance cost the competitor during the period 
years used for the determination the fair rate level. Having 
this manner determined the fair rate level, the next step estimate 
the profitableness, present and prospective, under the application 
such rate level, the property under valuation; this involves the esti- 
mating the gross and net earnings, such rate level, the 
property under valuation. again, the same rules with regard 
the computation “depreciation” should applied the estimation 
operating expenses during such period, bearing mind, also, the 
physical condition the property and the probable desirability 
increasing decreasing the normal “depreciation” rate account 
such physical condition. 

Attention called the fact that not directly the physical 
condition the property which affects its value but, the contrary, 
the effect such physical condition present and future oper- 
ating expenses which influences value. probable that, under the 
valuation method proposed, does not the result which- 
ever the various “depreciation” rules adopted the computation, 
provided the rule sufficiently accurate produce, the long run, 
close approximation actual maintenance expenditures and not, 
the contrary, gradually pile considerable surplus deficit. 


Relation Abandoned Property Fair Value. 


the value the property present used for corporate pur- 
poses which obtained, and the value such property 
entirely independent the amount the property abandoned, 
evident that such abandoned property ignored arriving 
fair value. 

However, the abandonment resulted from unavoidable causes, 
such normal obsolescence, etc., the relation between the cost the 
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property abandoned and the cost the remaining property still use 
interest, because the light throws what fair rate 
return the industry question. Fair rate return made 
two factors, rate return the absence risk, and insurance premium 
cover risk. The relation between abandoned property and the total 
property furnishes indication the degree risk. Also, the sub- 
ject considerable interest connection with the establishment 
rules governing the application depreciation. 

may well here remark that only the value the remain- 
ing useful life which abandoned and that, practice, this gen- 
erally reduced minimum neglecting repairs for some time 
previous abandonment and while still keeping the property service. 


10.—The Relation Aids, Gifts, Grants, and Donations Fair Value. 


practically all cases, the object gifts, grants, whatever 
form these have been made, has been induce capital undertake 
adventure which the risk was otherwise prohibitively high. This 
additional inducement was really the capitalized pay- 
ment extraordinary insurance premium. 

If, valuation for the purpose determining fair return, the value 
the gifts should excluded, then the effect the gift merely 
put the giver the position being silent partner the business 
without any way reducing the risk the other partners; yet this 
reduction risk was the primary object the gift. 

For example: The estimated cost project $10 000 000 and 
further estimated that, under the commodity rates which must used, 
the profitableness the enterprise will not more than $400 000, and 
with maximum return only 4%, certain outside parties, expecting 
great indirect benefit from the development the industry, donate 
000 000 the corporation formed therefor. This means that the 
stockholders will obliged contribute only instead 
$10 000 000, while the plant which they will own will have cost 
$10 000 000 produce. the assumption that they will per- 
mitted have the entire return from the $10 000 000 investment, the 
probable return the stockholders’ investment there- 
fore, becomes per cent. If, the contrary, the industry 
subject regulation and, because the 000 000 donation, the rates 
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are cut the point where only allowed earned, 
evident that the stockholders have not been benefited any 
way the donation, for their risk has not been reduced intensity 
and they are still limited prospective maximum their 
investment. 

Under the method valuation suggested, evidently con- 
cern the prospective competitor whether the existing enterprise 
bought, begged, stole its now owned property. the cost devel- 
oping and operating the competitor’s plant which must determine the 
rate necessary enable compete. Fair value the property 
under valuation will determined its profitableness this rate. 


Relation but not Used the Owner 
the Service, Fair Value. 


self-evident that such property should not included the 
investment which the public has interest, and any returns 
from which should excluded from operating revenue. 

frequently necessary, however, especially rapidly growing 
communities, look well ahead the present needs. This sometimes 
raises the question whether the property not properly 
included the valuation. 


Relation Property Used but not Owned Fair Value. 


The value such property the user reflected the net earn- 
ings directly and indirectly accruing from such use. Ordinarily, the 
gross earnings from such property are included with the gross earn- 
ings from other properties such manner make segregation prac- 
tically impossible. Under such the simplest method 
handling for valuation purposes include operating expenses 
the rental such property, excluding the item entirely from the repro- 
duction some special cases may necessary consider 
whether not the terms the rental are fair, whether they repre- 
unwise and improvident management, the results from which 
the public does not subscribe to. 

Where possible segregate from other sources revenue the 
earnings accruing from the rental property not owned but used 
the public service, and where the property bears sufficiently impor- 
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tant relation the remainder the property under valuation, then 
can valued the same manner owned and this case, 
however, the rental must excluded from consideration earnings. 


13.—The Relation Property Owned and Used Jointly Fair Value. 


Recalling that the only true measure value profitableness, 
evident that the value each the users property utilized 
jointly measured the profitableness (gross earnings less gross 
expenses) accruing the user from such property, regardless the 
terms ownership. Ordinarily, the gross earnings accruing directly 
and indirectly from the use such property cannot segregated from 
those accruing from other sources, the simplest method valuation 
include the gross expenses each owner its proportion the 
expenditures incurred account such use. The reproduction cost 
the property pro-rated the different owners this other 
equitable percentage basis. Where the jointly used property sep- 
arately operated and the terms ownership include the basis dis- 
tribution profit loss from such operation, the valuation the 
jointly used property can independently made and pro-rated the 
users the basis the contract basis distribution profitableness 


14.—When Does “Construction” End and “Operation” Begin? 


the determination the competitor’s investment date and the 
commodity price necessary the securing fair return thereon, 
clear understanding the physical and accounting procedures involved, 
necessary. 

The construction and development railroad property the 
point where paying going concern involves the following steps: 
First, the inception the project and such preliminary promotion and 
will permit general investigation and incorporation 
the project; second, the securing sufficient capital enable the pre- 
liminary and location surveys made and construction com- 
menced, most cases the purchase right way must slightly pre- 
cede, locally, the commencement construction. With the continu- 
ance construction, additional capital must secured. Finally, the 
point reached where trains hauling passengers and freight are run, 
thus enabling capital secured from the sale transportation 
well from the issuance stocks and bonds. 
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With the beginning construction, the processes solidifica- 
tion, seasoning, and deterioration commence, and these processes 
increase rapidity action with the commencement train service, 
thus necessitating expenditures for maintenance the property already 
created; embankments settle and are partly destroyed through the 
action the elements; grasses, begin cover the exposed sur- 
faces; decay and wear begin produce the necessity for later replace- 
ment. Meanwhile, construction continues; expenditures for operation 
and maintenance increase, and the density train service and traffic 
increases. 

time finally comes when arbitrarily stated that construction 
has been completed and that operation the property has commenced, 
The failure recognize that this dividing line absolutely arbi- 
trary one, adopted merely for the purpose facilitating organization 
matters, including the application certain accounting rules, and 
having relation whatever either the cost the value the 
property, leads confusion connection with valuation. The contin- 
uance construction which, ordinary railroads, never actually comes 
some cases called “maintenance”. ordinary accounting rules, 
there considered great distinction between construction, addi- 
tions and betterments, operation and maintenance, and “depreciation”. 
For valuation purposes much confusion avoided all these terms are 
entirely disregarded and if, their stead, the receipts and expenditures 
necessary the full development the property are directly consid- 
ered without first subjecting them such misleading classification. 
this way the arbitrarily established dividing line between receipts, 
depending their sources, and between costs, depending the instru- 
ments used producing the same, made unnecessary. 


15.—As What Date Should the Valuation Made, and What are 
“Normal Prices” the Date Valuation? 


For practical use, the fair value property which must used 
that the date period use. Thus, for use condemnation, 
must the fair value the property the date condemnation. 

For use the regulation rates, necessary bear mind 
undesirable make frequent modification rates, but that, 
the contrary, they should determined fair, the 
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average, over considerable period time. This necessitates the 
drawing conclusions the probable average conditions 
prices, which will exist during such future period. The unit prices 
most satisfactory used for valuation for such purpose are those 
which, considered, will probably fair average the 
prices over such future period. The only method estimating prob- 
able future conditions through the study the past conditions; 
therefore, the ascertainment average unit prices year year over 
considerable period the past necessary. determining the aver- 
age unit price for given period the past, actual sales furnish the 
basis. Inasmuch these sales vary greatly quantity, necessary 
that the average used weighted average and not merely arith- 
metical average. 

Normal price given date may defined being the market 
price that date, assuming business conditions normal and 


not under the influence undue optimism pessimism the 
future. 


16.—How can Valuation Kept Date for 
Rate Regulation Purposes? 


must borne mind that valuation not and cannot made 
exact science; neither there any practical necessity that should 
‘be so. The true measure the value property, has already been 
stated several times, its profitableness, present and prospective, actual 
and anticipated. Evidently, prospective and anticipated profitableness 
themselves can estimated only approximately, and yet, nearly 
all commercial transactions, the future prospect rather than the 
present fact which determines the investor’s conclusions present 
value. 

Having determined, with such reasonable accuracy be, the 
present value piece property (future prospects being one the 
vital considerations), the most important factors which, the future, 
will bring about modification such estimated value are the appre- 
ciation and depreciation the value land owned used, like fluctua- 
tion the prices labor and material such have already entered 
the construction the property, the invention improved methods 
construction; additions and betterments necessary the growth 
the business will add quantities those existing the date valua- 
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tion; and property abandoned account obsolescence, will 
reduce the valuation quantities. All these changes over reasonable 
period years, together with their effect the future profitableness 
the property, are considered arriving the original valuation; 
further, greatly the interest the public avoid frequent 
fluctuations commodity prices (freight and passenger rates, etc.). 
Presumably, therefore, the fair rates established the time the val- 
uation (which rates are based, not the conditions the instant 
valuation only, but prospective conditions well) will fair 
for considerable period time thereafter. Fluctuations due addi- 
tions and betterments and abandoned property can taken care 
with considerable accuracy the application ordinary accounting 
methods. Variation the fair value due fluctuation unit 
prices labor and material can probably only dealt with either 
new valuation from time time, the keeping suitable 
index number such that maintained Bradstreet’s, the London 
Economist, and others, but adopting base arranged represent the 
more important kinds labor and material used railway construc- 
tion their proper proportions, and using the fluctuations this 
index for the purpose, from time time, applying percentage cor- 
rections the original fair value. Fluctuations land value could 
probably only allowed for through the occasional making re-ap- 
praisals selected properties and through the application per- 
centage correction all the land values. 

percentage correction applied such manner the original val- 
uation, although crude, would still probably greatly extend the period 
serviceability the original valuation. 


the Cost-of-Reproduction Method with the 
Prospective Competitor Method Valuation. 


Land competitor method assumes that, the con- 
struction its property, the competitor will obliged purchase 
land having the same present ordinary values and being subdivided 
the same manner similar lands adjoining the property under val- 
uation the date valuation. This avoids the absurdity, pointed 
out Justice Hughes the Minnesota Rate Case, assuming that 
the railroad producing much the value the land non-existent, 
but that the land retains its full value. Presumably, might 
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claimed that the competitor, entering town, would select 
tion for its line and for its terminals which would cost less per acre than 
the lands adjoining the property under valuation. The answer that 
fair presume that the original railroad located its line such 
manner make the cost land plus the cost grading and other 
improvements minimum, considering the value the location with 
reference convenience access for traffic. The adoption 
different location would mean different grading quantities and also 
the estimating terms earning power the difference attrac- 
tiveness the two locations. This would involve such excessive com- 
plications make the problem practically unsolvable. The fair 
presumption that the original line secured the best available loca- 
tion, cost considered, and that any other location would cost more 
would worth least proportionally less. practical operation and 
results obtained, the two methods are identical, land. The 
competitor method logical whereas the other not. 

Past Conditions—By the competitor method, all 
questions whether present past conditions apply making the 
estimate are solved without difficulty. theory affords 
positive clue whether present past conditions should 


considered individual cases, and there much present controversy 


over this point. 


reproduction theory involves the 
reproduction the property, to-day, one operation; thus, 
four-track railroad would reproduced such absolutely regard- 
less the fact that railroad, either the original occupant the 
territory later competitor, ever built such manner. The 
competitor theory calls for gradual construction and development 
the competitor rate dependent rate growth traffic the 
community and is, therefore, consistent with the invariable facts 
such industrial development. 

4.—Going Concern Value, and Cost Development Earning 
Power.—The reproduction theory admittedly carries the process esti- 
mating value only the point. where the property has prepared 
become going concern but has not taken that step. This leaves 
element value called the Courts “going concern value” 
ascertained some succeeding process. process departing greatly 
from clairvoyance has yet been devised. The competitor theory pro- 
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vides for the estimating the cost the development the traffic 
basis readily applied practice and governed the application 
simple principles easily ascertainable facts. 


1902, the construction what now the Virginian Railway 
was actively commenced the late Mr. Rogers, the primary 
purpose being the economical transport bituminous coal great 
volume the seaboard. The work was pushed rapidly financial 
conditions would permit. Covering the number years that did, 
the rapid completion course was interfered with various periods 
business depression. The property one the few railroads the 
United States which has been conceived and developed inde- 
pendent enterprise, most the present railroad systems having been 
developed separate entities and gradually combined. The statistics 
this railroad, consequently, are unusual interest for the purpose 
illuminating the various problems connected with the ascertaining 
the value railroad properties. 

Operation was commenced the Virginian Railway 1910, eight 
years after the commencement construction. Thereafter, expendi- 
tures for construction (usually termed additions and betterments) were, 
the main, for providing the additional facilities required handle 
the rapidly developing business. The records the company, partly 
owing the fact that practically all the financing was done Mr. 
Rogers himself, not disclose the amount capital invested the 
enterprise interest. will assumed, therefore, that sufficient 
capital for the ensuing months was secured the beginning 
each such period and that compounded annually had paid 
thereon. With this assumption, Table gives the essential financial 
history the Virginian Railway from its inception 1902 June 
30th, 1916, and also shows what this history would have been had the 
rate level been higher than actually was. 

For purpose illustration, assume that to-day compared with the 
period 1902-16: 


(1).—There has been change construction methods unit 


prices labor and material land values. Assume, 
further, 
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(2).—That the history the Virginian Railway has been unaffected 

(3).—That the constructian the Virginian Railway and its traffic 
development proceeded normal pace. 

(4).—That its physical condition was normal, that is, there was 
matured deterioration, throughout its history. 

(5).—That the rate level throughout the history the property was 
fair. 


Under such assumptions there would probably few who would 
question that, the date valuation, the fair value such prop- 
erty measured’ its cost date—in this case, $69 522 883—as 
June 30th, 1916. 

Taking the various assumptions and assuming that the fair 
rate return the fair value such property, the following con- 
siderations suggest themselves: 


per cent. $69 522 883 373, whereas the net earn- 
ings for 1916 are 331957. Evidently, that date, the property was 
not earning fair return its cost. the rate level throughout the 
history the property had been higher than actually was, then 
the cost date would have been $65 996 540; this amount 
959 792 and the net earnings for 1916 would have been 923 187, 
indicating that, based these considerations alone, the rate level was 
about too low throughout the history the property and that, for 
this reason, the property the end 1916 has cost 526 than 
would have cost the higher rate level had been effect. Had the 
higher rates been effect, the public, during the period, would have 
paid 877 237 more for transportation than they did. 

Question A.—Should this increased cost equitably fall the owners 
the railroad through the assumption the lower figure should 
fall the public through the assumption the higher figure being 
the fair value the property June 30th, 1916, under the above 
assumptions 

2.—Assume that the earning the property had developed 
more rapidly, that, 1914, the net earnings had been equal the 
actual net earnings 1916. This would have required corresponding 
the additions and betterments, and the cost date 
June 30th, 1914, would have been $63 632 623 for property identical 


| 
4 
| 


COMPETITOR METHOD VALUATION 611 


every way with the actual property June 30th, 1916, which actual 
property cost $69 522 883 difference 890 260. this new basis 
development earning power, the.rates were about too low 
give return the cost date the property June 30th, 
1914, whereas they were too low give return the identical 
property with the development period two years longer. 

Question B.—Should this excess cost borne the public through 
its inclusion fair value given date, should borne the 
owners the property through its exclusion 

Question C.—If the owners the property should penalized for 
their bad judgment commencing the enterprise advance the 
normal public need, thereby adding its cost, should they also 
rewarded they delay the carrying out the project until the public 
need becomes abnormally acute, thus reducing the cost the 
bad judgment penalized and good judgment not rewarded, what 
will become the industry—collapse, Government ownership? 

Question D.—How shall determined whether not the incep- 
tion the enterprise was advance the normal public need? 

back the first case—that the actual history the 
Virginian Railway—suppose the date valuation had been taken 
June 30th, 1914, instead June 30th, 1916. that case the cost 
date the property would have been $63 149 009; this amount 
788 940, whereas the actual net earnings for that year were only 
641 

the rate level had been higher than was, the cost date 
would have been $62 884 206; this amount 773 052 against 
net earnings the new rate level 718 861 indicating that, under 
such conditions, and not considering the future, the rate level was. 
slightly more than too low against deficit the year 1916 
had been adopted the basis calculation. 

Question 1910 (the year which the Virginian Railway was 
opened for operation), determining the rate level used the 
future this property (on the assumption that was not subject 
competition) should this rate level have been based the estimate that 
1914 would give fair return the cost date, should have 
been based the fair return being reached 1916, some other 
year? What considerations should determine the year selected? 
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Question F.—The coal traffic the Virginian Railway competi- 
tion tide-water with the coal traffic the Chesapeake and Ohio and 
the Norfolk and Western Railways. assumed that the actual 
rate level (which was too low give return the cost date 
the Virginian Railway, June 30th, 1916) was just sufficient 
give return the cost date the Chesapeake and Ohio and 
the Norfolk and Western Railways, would this fact have any bearing 
the fair value the Virginian Railway 

Question G.—Since the inception the Virginian Railway, there 
has been increase unit prices labor and material used con- 
struction and operation and the price land along the railroad right 
way. these facts have any bearing the fair value the 
Virginian Railway 

Question H.—If assumed that, for several years just prior the 
date valuation, the Virginian Railway had either been parsimonious 
excessively liberal renewal its rail, ties, and other materials, 
would this fact (which certainly would affect the operating expenses 
the immediately succeeding years) have any bearing its fair value 
the date valuation 

the study such considerations those mentioned the pre- 
ceding paragraphs which has led very generally the conclusion 
stated elsewhere, that there general relation existing between the 
cost and the fair value property. evident that, cost 
used the determination fair value, must used only under such 
special permit the relation between cost and value 
known. 

The object the Prospective Competitor Method valuation 
ascertain the character these special conditions and the relation 
which, under such conditions, exists between cost and value. 

Applying the Virginian Railway the Prospective Competitor 
Method valuation, still assuming—for the purpose illustration 
and because the data are lacking—that the value the property 
unaffected the presence competitors and that, since its inception, 
there has been change unit prices labor and material, land 
values, engineering methods: 


the assumption that the original construction proceeded 
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TABLE 2.—VIRGINIAN RAILWAY ACTUAL ORIGINAL DATE vs. RATES HAD BEEN 
HIGHER. 


Year 
ending 
June 30th. 


Totals... 


Year. 


~ 


CUR 


Annual 
construc- 
tion cost, 
exclusive 

interest. 


$51 097 976 


ANNUAL 


OPERATING EARNINGS, 


EXCLUSIVE 


INTEREST. 
With 
Actual, rate 
increase. 
(4) 


Actual 


annual 


operating 
expenses, 
exclusive 
deprecia- 
tion. 


ANNUAL NET OPERATING 
EaRNINGS, EXCLUSIVE 
INTEREST AND 


DEPRECIATION. 
With 
rate 
increase. 
(7) (8) 


Net INCOME 

EXPENDITURE—ALL 

INTEREST AND 
DEPRECIATION, 


ORIGINAL Cost 


$204 210 $369 265 

839 464 182 861 
263 125 650 182 
882 485 849 891 
641 048 148 254 
164 470 102 
881 957 923 187 


With rate 
Actual, increase. 

(9) (10) 
885 885 
124 991 124 991 
553 808 558 
002 747 002 747 
068 906 068 906 
914 302 914 802 
718 959 718 959 
487 348 487 348 
1 658 756 1 488 701 
246 518 958 121 
889 045 
457 508 
168 616 675 822 
910 423 376 055 
627 214 218 444 


DaTE. 
With 
Actual, rate 

increase. 
(11) (12) 
178 
187 187 979 
998 023 998 023 
180 180 816 
924 924 705 
889 889 347 
089 089 504 
071 468) 463 
878 381 707 
228 292 221 
788 250 359 
264 149 009 
522 996 540 


$35 965 463) 842 $23 188 $12 826 759 


$15 703 692 
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the competitor the beginning operation will duplicate the historic 
construction the same period. 

2.—It will assumed that the business handled the competitor 
during the second year its operation equals one-half that the 
Virginian Railway the date valuation. This provides one year 
minor operation during which the roadbed solidifying sufficiently 
for the normal handling traffic. 

3.—For the reason that traffic the United States doubles about 
years, the total length the development period for the competitor 
taken years. the end this period, the physical property and 
the density traffic are assumed identical with those the 
Virginian Railway, the date valuation. 

4.—Through experiment, found that increase over 
that actually effect during the history the Virginian Railway 
necessary during the period the competitor’s business, 
order that, the end the development period, the competitor shall 
earning its original cost date. comparison the essen- 
tial data the Virginian Railway with that assumed for the com- 
petitor shown Table Table comparison the actual 
financial history the Virginian Railway with that history would 
been the rates had been higher, and also with the financial 
history the competitor with 13% rate increase. 

examination Table indicates that-the Virginian Railway was 
not earning its cost date the date valuation, but that 
rate increase would have accomplished this. The effect this 
rate increase reduce the original cost date from the actual 
$69 522 883 $65 996 540. This last amount compares with the original 
cost date for the competitor (with its rate 
This difference about represents the value 
accruing the property because the abnormally good judgment used 
selecting the Virginian Railway for investment. This enterprise was 
years, whereas the normal rate growth railroad business the 
United States requires about years. 

None the figures used the preceding study the railroad 
included any amount for depreciation, although probable that about 
000 000 accrued deterioration (loss useful life the simple 
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TABLE Data, History vs. 
ASSUMPTIONS. 


ANNUAL CoNSTRUCTION 


Cost, EXCLUSIVE 


Year INTEREST. INTEREST 
life 
enter- Programme 
prise. Programme for Programme 
Actual. for Actual. competitor Actual. for 
competitor. rate competitor. 
increase). 
10- 085 982 000 671 224 181 000 831 760 800 000 
261 087 750 000 887 598 463 500 574 473 900 000 
341 028 750 000 842 584 746 000 460 099 000 
13- 472 432 750 000 340 079 028 500 699 031 100 000 
254 047 750 000 820 406 311 000 655 936 180 000 
15- 704 743 750 000 890 382 593 500 058 425 265 000 
$51 097 $51 976 $85 965 463 $111 181 $23 704 $60 425 
TABLE 
Cost 
DEVELOPMENT PERIOD YEARS Original cost 
Item. 17-year develop- 
rate rate increase. 
Actual. increase. 
$51 097 976 $51 097 976 $51 097 976 
Less net from operation.......... 826 759 692. 474 706 
$38 271 217 $35 284 270 
Original cost date.............. $69 522 $65 996 540 $70 882 787 
Net earnings last year............ 881 957 923 187 292 707 


ANNUAL Gross OPERATING 
EARNINGS, EXCLUSIVE 


ANNUAL OPERATING 
EXPENSES, EXCLUSIVE 
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assumed that this amount should have been covered adding depre- 
ciation charge the maintenance expense and actual cash reserve 
established, then evident that the original cost date would have 
been increased this Inasmuch such cash reserve 
has been established, the amount this reserve would have 
deducted from the original cost date, arriving value the 
property the date valuation. The net result exactly the same 
depreciation had been entirely ignored—as has been done the 
preceding computations. There nothing the history the 
Virginian Railway indicate that its physical condition the date 
valuation was such that maintenance expense the immediate future 
would either abnormally high abnormally low. Consequently, 
far depreciation concerned, there need for considering 
prospective profitableness connection with the determination fair 
value. 


The Prospective Competitor Method valuation property subject 
competition dependent for its successful use the proper selec- 
tion two items, for neither which the method provides deter- 
mination which, its last analysis, does not depend the judgment 
the user. These two items are: (1) the earning power which the com- 
petitor assumed have the commencement normal operation 
(say, the second year operation the ease railroad); and (2) 
the rate increase earning power. 

Inasmuch the does not underwrite the cost abnormal 
errors judgment, among which may classed the inception 
enterprise where there not yet normal public demand for the 
product, and inasmuch as, consequently, the owner the property 
entitled reward where exceptionally good judgment has been used, 
evident that these two items must selected that they repre- 
sent normal average conditions rather than those actually confront- 
ing the property under valuation. 

With reference the rate increase earning power, the problem 
comparatively simple, inasmuch the average rate growth 
earning power given industry competitive district readily 
ascertainable. 

There are several points view from which the consideration the 
earning power assumed for the first normal year operation can 
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considered. First, may consider past history. What was the 
earning power the first year actual enterprises the character 
under consideration? The objection using these data that the 
earning power awaiting one enterprise might satisfactory and yet 
might entirely unsatisfactory for different enterprise requiring 
greater initial outlay. 

second point view that which considers the normal char- 
acter capitalization enterprises. The early expenditures for con- 
struction, must borne the owners. After construction has 
proceeded far that there property having considerable tangible 
value, then possible for the owner seek financial assistance 
through mortgaging his property; especially this true definite 
earning power has been developed. If, therefore, the initial earning 
power the competitor sufficient pay operating expenses plus 
interest one-half the cost that date, definite basis will 
established for securing additional capital through bond issue equal 
one-half the cost such date. 

illustrate: The original cost the end the second year 
operation the Virginian Railway’s was about 
$56 000 000. Interest one-half this sum Operat- 
ing expenses for the second year are estimated 800000, the 
sum the two items being against the 671 224 gross 
earnings actually earned the Virginian Railway during its second 
year operation (at rates apparently much too low). 

The history five other properties shows second-year gross 


from 300 600 per mile road, that the Virginian Railway 
being about 600 per mile. 
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AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


REPORT CAUSE AND CORRECTION 
FOUNDATION TROUBLES BOX FACTORY 
NATCHEZ, MISSISSIPPI* 


During 1917 large box factory was built bench land 
adjoining the east bank the Mississippi River, Natchez, Miss., 
ft. below the top bluff and 150 ft. above the river. The owner 
was not represented the work engineer building inspector. 
The work was carried out “Engineering Contractor” cost- 
plus-fee contract. Following the completion the plant, settlement 
occurred the foundations under practically all the buildings and 
machinery, and appeared that the entire building site would slip 
down the hill. 

Various causes for the settlement were suggested, such erosion 
the Mississippi River bed under water, settlement the ground 
due fine under-soil carried out through springs the ground-water, 
slipping pervious strata above the impervious stratum below, 
ete. Investigation disclosed that neither the erosion the Mississippi 
River nor the action escaping ground-water caused the trouble, 
which was found due softening the top ft. soil 
water that could not escape through impervious blue clay under it. 


This paper will not presented for discussion any meeting the Society, 
but written communications the subject are invited for subsequent publication 


Proceedings, and with the paper Transactions, 


St. Louis, Mo. 
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The trouble was corrected excavating trenches through the top 
soil the blue clay, installing porous tile and wood box drains and 
back-filling the trenches the surface with cinders and gravel con- 
taining large percentage sand. Immediately following the com- 
pletion the drainage system all ground movements stopped, the 
defective foundations were corrected, additional boilers, engines, and 
other facilities were installed, and further foundation trouble has 
occurred. total expenditure about $20000 for drains stabilized 
the soil and made possible continue’ the operation the factory. 

More than had been spent futile effort stop the 
movement driving timber piles into the moving ground and the 
plant was operated very low efficiency account frequent shut- 
downs, resulting large operating deficits each month. Immediately 


following the stabilization the foundations the plant overcame all 
deficits and showed profit. 


During 1917 large factory for the manufacture wood boxes, 
tubs, and veneer was constructed under contract the east bank 
the Mississippi River Natchez, Miss. The general plans were pre- 
pared the office the owners Chicago, who were represented 


the construction work bookkeeper; the future plant manager 


visited the work occasionally. The owners did not have engineer 
building inspector the work, was thought that the “Engi- 
neering Contractor” would automatically provide the engineering and 
inspection. Later developments indicated that special engineering 
knowledge and advice during the construction period were conspicu- 
ously absent, and nearly resulted the wrecking the plant. 


AND 

the site the factory the Mississippi River has vertical rise 
and fall. about ft. The bank slopes upward about for 750 
ft. back from the high-water line the highest ground 150 ft. above. 
cross-section the bank between the river and the top the bluff 
the site the plant shown Fig. 

The surface the sloping bank consists thin layer black 
loam, under which yellow clay indefinite depth. this clay 
appear, several depths, and irregular thicknesses and extent, 
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various strata coarse sharp sand, fine quicksand, mixtures this 
fine sand and clay, and sloping layers blue clay. The mixture 
fine sand and clay very firm and hard when dry, but when saturated 
with water becomes typical quicksand. 

For many years, beyond the memory the oldest settler, this 
typical Natchez river bank has been sliding flowing toward the 
river, causing continual disturbance and subsidence the ground 
surface the slope. The movement the ground was miniature 
reproduction glacial action. typical cross-section point 
where the greatest movement took place shown Fig. 

Residents over years old remember being told the time when 


the slope was higher and level and occupied buildings. appears 


that the high ground originally extended out bluff the river 
bank and that the present slope the result the sliding which 
reference has been made. 

extreme low water, zero gauge the Mississippi River, 
porous stratum cemented gravel and sand with small mixture 
iron ore, locally referred outcrops along the entire 
Natchez water-front and gives forth abundant flow clear cool 
water through numerous springs. 

This emergence the underground water 200 ft. below the high 
ground above has been commonly held the reason for the sliding 
end settling the sloping bank. careful examination the porous 
stratum and the springs, together with other conditions and infor- 
mation, convinced the writer that the sliding and settling were 
not due this cause. The water emerging from the porous strata 
comes out perfectly clear and does not carry any sediment. If, 
fact, fine sediment were being carried out from deep levels this 
underground water, undoubtedly caves would formed, which, 
the fine, easily broken-down soil that overlays the cemented gravel, 
would ultimately result chimneys and sink-holes. There are 
such chimneys and sink-holes Natchez. 


Bank Erosion River. 


Another theory which was advanced account for the sliding 
ground that the erosion the river bank below low-water level 
caused the bank subside and gradually flow toward the river. This 
theory was strengthened the fact that within the memory present 
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residents Natchez the river has made extensive inroads the 
lower portion the city. The present high ground which the city 
located was formerly separated from the river area com- 
paratively low and level ground, four five city blocks width, 
Approaching Natchez from stream, the river makes long 
sweep bend and takes direction nearly right angles the 
then turns another bend follow the direction the high 
ground. The low ground having been 
located the bight the bend, was eroded until nearly all disap- 
peared, barely space enough remaining for one street the side-hill 
between the water and the bluff. Further erosion the bank was 
prevented mattress and revetment work placed the United 
States Government. The United States Engineer Corps took numer- 
ous and frequent soundings along the front, study which indicates 
that since the revetment was placed, further erosion has taken 
place. The bank down stream from the revetment, opposite the site 
the factory, has not eroded any appreciable extent, and does 
not appear that the sliding and subsidence the sloping bank above 
high water was due the erosion the banks the river. The 
river quite deep, the bed being ft. more below low water. 
According Mark Twain’s reference 
its disappearance might have been well merited fate. his “Life 


the Mississippi”, about 1880, refers follows: 


“Famous Natchez-under-the-hill has not changed notably twenty 
years; outward aspect—judging the descriptions the ancient 
procession foreign tourists—it has not changed sixty; for 
still small, straggling and shabby. had desperate reputation, 
morally—in the old keel-boating and early steamboating times—plenty 
drinking, carousing, fistcuffing, and killing there, among the riff- 
raff the river, those days. But Natchez-on-top-of-the-hill 
attractive, has always been attractive.” 


site for the factory was prepared leveling the slope about 
ft. below the top bench approximately 350 wide, the deepest 
cut the bluff amounting nearly ft. and the highest fill about 
ft. 
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The factory buildings, covering about acres, and including the 
boiler-house with brick stack, engine-house, veneer mill, kiln veneer 
dryers, storage sheds, box and tub factories, soaking vats, elevated 
water-tanks, and appurtenant log conveyors and tramways, derricks, 
and saw-mills, were built the graded ground. The construction was 
completed, and operation the plant commenced early 1918. 


FAILURE AND MOVEMENT FOUNDATIONS. 


Less than year after the completion the plant, and during 
the rainy season, the ground sheared vertically along several lines 
normal the slope the hill-side, with settlement from 
and slid down the hill-side, carrying large sections surface earth 
with growing trees far 200 ft. 

typical crack the ground preceding slide shown Fig. 
The lower slope the sliding ground shown Fig. 

Shortly after operations commenced, the foundation walls under 
the boiler-house broke, and the river end settled about ft. and moved 
toward the river ft.; the brick walls fell down, the brick boiler 
settings two boilers were shattered, and the boilers pulled 
away from the breeching. The 90-ft. brick stack settled and caved 
slightly, and the water-tank footings showed slight settlement. 

The plant was originally operated p., Corliss engine 
and line shaft. The engine foundation settled and threw the engine 
out setting. The concrete foundations under the 6-in. jack-shaft 
settled several feet and slid ft. entirely outside the engine- 
house. The engine-house foundations the river side settled and slid 
completely out from under the engine-house. The movement these 

Practically every footing under the storage shed settled and moved 
out place. The outside row the river side settled over ft. 
and slid out nearly ft. About seventy footings settled and moved. 
Figs. and show the nature and extent this settlement and 
movement. 

The settling ground extended back the foundations the heavy 
veneer mill and planers and the kiln veneer dryers; broke sewer 

end water lines, caused frequent long shut-downs, made impossible 
get production basis, and, for while, appeared the 
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enterprise would have abandoned, and the plant moved 
another site. 
Repairs. 


Ineffectual methods were adopted stop the sliding ground. 
Timber piles were driven into the ground, but they were carried right 
along, tipped over, upheaved and literally thrown out the ground 
the movement, shown Figs. and 10. 

After closing down for sixty days, the factory was continued 
intermittent operation with the greatest difficulty keeping gangs 
workmen all over the plant jacking and propping the buildings 
the moving ground. new connection was made between the un- 
affected portion the jack-shaft and the re-set Corliss engine. 
new engine, with dynamo, was installed and motor drive put several 
machines. 

INVESTIGATION TROUBLE. 

After this painful experience had continued for about year, the 
situation was brought the writer’s attention for the first time early 
1919, when the owner requested that examination made, the 
trouble diagnosed, the remedy prescribed and estimated, and recom- 
mendations submitted for further procedure. 

After careful examination, the writer concluded that neither 
the erosion the river nor the springs low-water level had any- 
thing with the settlement, but that was due local conditions, 
end that the ground movements and slides could stopped 
system under-drains. The filled earth was very loose mixture and 
contained quantity rubbish which prevented from packing and 
forming hard surface such would permit water flow off rapidly. 
the contrary, the surface was broken cracks and depressions 
which collected the water and caused the filled earth become rapidly 
saturated the depth the original ground surface. 

this less pervious surface the water collected, saturated the 
loose loam and clay slimy mass, ft. thick, and started 
flow down the slope. Farther down the the lower end 
the fill, the water came the surface washing with mass soft 
mud. this mud oozed out, the earth above settled and this, 
turn, became saturated and started flow. Where the soft earth 
the level the original ground surface did not flow enough cause 
vertical settlement, formed slippery layer which the loose 
earth above could slide. 
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Conditions which were bad enough after weeks torrential rains 
common the lower Mississippi Valley, were made worse surface 
drains both for storm-water and for water resulting from the operation 
the plant and, after the first slight movement earth, number 
leaks under ground water pipes and sewers. 

The slide well the vertical settlement was further augmented 
hundreds tons log cores from the mill, which were piled 
the hill-sides near the top the slope. Besides placing great weight 
top the moving earth, these cores furnished crevices and open- 
ings the ground surface through which the water soaked into the 
earth instead running off. 


comprehensive system porous under-drains, with combined 
length ft., was placed under and around the principal build- 
ings the plant. These drains consisted tile pipes perforated 
wood boxes placed depths from ft. trenches, which were 
then back-filled with gravel cinders. The trenches averaged in. 
width, which was narrow they could dug conveniently 
the required depth. 

Tile sizes from in., which could placed more 
cheaply than wood box, was used all lines where the earth was 
not moving; but points where movement was taking place was 
found that sections pipe pulled apart too easily, and continuous 
wood box was used instead. Wherever possible this was kept below 
the plane the slide. 

This wood box was built 12-in. cypress planks, the sides 
resting the bottoms make the interior dimensions in. 
wide in. high. The sides and top were perforated with 1-in. 
holes two rows, 8-in. intervals each row. The joints between 
the side and bottom planks the box were well caulked with oakum 
and then covered with marrow lath. These joints were broken 
not have successive planks the side join the same section 
which planks joined the top and bottom; all were held 
12-in. ft. long, well spiked both ends keep 
box from pulling apart during slight movements the earth. 
The lumber used was low grade pecky cypress which was found 
quite satisfactory. 
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Fic. DRIVEN EFFORT EARTH MOVEMENT. 
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From the lower ends the under-drains the flow was carried down 
the hill-side open flumes wood, the same cross-section 
the box underground. Points which the drains came the surface 
were selected, steep slopes, have the drain-pipe box 
pass through short lengths possible the surface earth, 
this was constantly motion and tended pull the sections pipe 
and box apart. The open flumes were placed timber bents spaced 
ft. apart. The flume was kept from disjointing each 
slight displacement the bents due movement the earth. The 
bents could put back place after each movement without injuring 
the flume. 

After the completion the under-drains the earth near them, 
especially the hill-sides, was graded slope uniformly toward the 
gravel-filled trenches through which the water passed the under- 
drains. 

The flow through the several drains was measured daily during 
their construction, and that through each drain was found decrease 
gradually for two three weeks after its completion, which indicated 
that the level the ground-water was being slowly lowered. The 
total underground seepage after the drains had been place suffi- 


ciently long have reached their minimum flow, and after defects 


the surface drainage had been corrected, amounted the driest 
weather about 12000 gal. per day from area about acres, 
acres which are covered buildings the drainage from which 


otherwise disposed of. This was increased about 100 000 gal. per day 
very wet weather. 


Movement the ground stopped promptly one point after 
another the drains these respective points were completed, until 
the work was finished. After completion, not the least movement 
could noticed any time. The earth, which formerly was muddy 
and soggy from one rain until the next, now dries rapidly after each 
successive downpour and perfectly stable. The plant, valued 
$800 000, serious danger ruin, has been made safe for opera- 

Although several months have elapsed since the completion 
the drains, there has been further trouble. The drains were placed 
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during the early summer 1919. February, 1920, the manager 
the factory advised follows: 

very pleased report that even the face the continuous 
rains all through the summer and the present time, even 
heavy rain which had January, when rained about in. 


two days, that there was absolutely movement any part the 
hill where the drains were put in.” 


SYSTEM. 

The cost the work was follows: 

Excavation per Cubic Yard: 

Handling earth (in addition actual excavation, this 
includes average haul 250 ft. for all excavated 

Miscellaneous items (this includes bracing the trench, fore- 
man’s supervision, trench-jacks, lumber, and rubber 


Back-filling per Yard: 
Labor (this includes handling gravel from railway cars 
the several drains, with average haul 250 ft.). $1.90 


Placing Wood Box per Linear Foot: 
Labor (time carpenters and laborers building the box, 


and placing the $0.65 


Placing Tile Pipe per Linear Foot: 
Labor (time foreman and laborers carrying the pipe 
from stock piles the drains, and placing posi- 


Cost per Linear Foot All $7.20 
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The trenches reached maximum depth ft., with average 
depth ft. All trenches were braced. many places the soil 
ran through the cracks like soft ice cream. 


The unit costs for material and labor were follows: 


Cost Labor per Hour: 


Negro laborers (10-hour day) $0.25 $0.30 
Costs Material per Cubic Yard: 
Cinders (loading and only)............ $0.80 
Lumber, pecky cypress, per 1000 ft. $30.00 
Tile Pipe: 
Size, 
inches. Pipe. Freight. Total. 
$0.19 $0.05 $0.24 
0.27 0.07 
0.37 0.09 0.46 
0.58 0.12 0.70 


PLANT IMPROVEMENTS. 


When work the under-drains had progressed far enough con- 
vince the owners success, work was started the reconstruction 
the damaged portions the plant and several additions. The 
old foundation the drag-saw used cut the rough logs con- 
venient lengths for the lathes, had entirely replaced and the 
engine operating the saw re-set. The foundation for this engine and 
saw was ft., and consisted twenty-four timber piles with 
average penetration ft., capped with 24-in. slab concrete. 

small saw-mill was built adjacent the drag-saw. The point 
the hill which this was located had not yet been cared for 
under-drains and was still moving time the mill was built. 
For this reason, was decided place for foundation heavy frame 
12-in. timbers which could jacked and leveled after 
slight movements the earth until such time would quite 
stable, when more stationary foundation could placed. 
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order join this saw-mill with the veneer mill and the drag-saw 
with the boiling vats, conveyors and heavy timber platform ft. high 
were built replace old conveyor and platform which had been 
completely wrecked the slide. All these structures were placed 
timber piles, with penetration well into the original solid ground beneath 
the slide. The piles under each conveyor were placed 8-ft. centers 
each two rows ft. apart. Under the platform they 
6-ft. centers both directions. 

All water pipes and sewers were seriously damaged the earth 
movement and required extensive repairs. The fire protection sprinkling 
system was entirely removed from underground and put overhead. 

The additions the plant consisted two new boiling vats, three 
new boilers with combined capacity 1100 p., new self-support- 
ing steel stack, ft. diameter and 135 ft. high, and new engine 
and 500-kw. generator. The boiling vats were each ft. ft. 
over all, with depth inside ft. The walls tapered from in. 
thick the top in. thick the bottom, and each rested 
single row timber piles driven 3-ft. centers. The piles were 
capped with 2-ft. floor slab. 

The boilers, the stack, and the new engine and generator were 
not placed piles, the earth these points was considered 
stable enough after the completion under-drains this vicinity 
use the customary spread foundations concrete. 


SUPERVISION THE Work. 

The trouble was investigated and the remedy prescribed the 
writer; the construction work putting the drains and the founda- 
tion work for correcting the defects and for the additional mechanical 
and electrical equipment was supervised Assistant Engineers 
Doyne, Jun. Am. E., and Mr. Hetlage. 

contract was let. The materials were purchased the Box 
Company, the labor was carried directly its pay-roll, and worked 
under the Assistant Engineers. The additional mechanical and elec- 
trical equipment was specified MacKenzie, Consulting Engineer, 
Chicago, and installed Mr. Robert Warmack under the 
supervision Mr. MacKenzie. 

The investigation, installation the drainage system, correction 
defects, and additions the plant were carried out under the 


+ 
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general supervision Drissen, General Manager the Box 
Company. 


The employment competent engineering assistance during the 


construction period would have avoided all the later troubles and 
expense. 


The employment competent engineering service imme- 
diately when trouble first developed the foundations would have 
saved large sums expended experimenting and would have avoided 
the greater portion the operating deficits. The plant could have been 
put paying basis much sooner with great saving the owners. 
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AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


NEW PRINCIPLE THE 
THEORY STRUCTURES 


Discussion* 


Discussion this paper would naturally directed (1) criticism 
commendation the principle the writer’s presentation it; 
(2), whether, the writer supposed when presented it, was novel. 

There has been little criticism, except two instances, the 
principle itself, its presentation, and the writer here expresses his 
thanks for the commendatory remarks which have been made many 
who have discussed it. the principle itself, simple and 
fundamental, and stands alongside the principle deflection first given 
Maxwell, and first published this country the writer, 
wholly similar method finding rotation. There question 
its correctness, though one contributor does not admit it. 

should stated once that the writer did not claim anywhere 
that the problems which could solved the aid the principle could 
not solved otherwise, some cases easily its aid, and 
some cases more easily than it. The object was merely present 
fundamental principle the theory structures which 
believed had escaped recognition American engineers even if, 
suggested, had been published before, although was not aware 
and still does not believe that had, its general form. The dis- 
cussion affords good evidence that had not been recognized 


even had been known. 


Discussion the paper George Swain, Past-President, Am. Soc. E., 
continued from February, 1920, Proceedings. 


Author’s closure. 
Cambridge, Mass. 
Received the Secretary, March 4th, 1920. 
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Since the paper was published, the writer has found—partly from 
the references quoted the discussions, and partly other ways— 
that, had surmised, the principle had been known, Europe, but 
only applied beams, and not applied trusses combinations. 
does not believe, however, that the principle had been all rec- 
ognized used America, either for beams trusses, although 
referred one American book, but not explained illustrated 


even there. The book referred “Bridge Engineering”, Vol. 


Waddell, Am. Soe. E., where, page 231, after referring 
the formula for the deflection beam, 


stated: 


“Tf should desired find the amount rotation given 
point beam, couple with moment unity can placed the 
said point, and Equation (5) applied changing (the angle 
radians through which the point turns), the values being those 
produced the unit couple”. 

The writer has not found this book, any other, any reference 
its application trusses. 

Bearing mind that the writer’s paper showed method finding 
the angular rotation the axis piece any point, due given 
loads, whether the piece straight curved beam, truss mem- 


ber, both, may well consider some the references given 


those who claim that the principle not new. 

Professor Parcel states* that the principle not new, but says 
little understood. gives several references. The writer does 
not find Molitor’s work, page pages 28-29, elsewhere, any 
statement the principle. Hartmann, pages 9-11, finds rotation only 
for solid beams, and pages 24-33 there are only illustrations for 
solid beams, with hint its being general principle. Mehrtens, 
the pages cited, elsewhere, gives statement the principle all, 
but treats entirely different problem, namely, that finding the 
angular rotation line passing through any two joints frame. 
line, drawn through any joints frame, whose dis- 
tance apart and desired find the angular rotation this 
line under given loads, this may easily done the use deflections. 
unit load applied one the joints, perpendicular and 
this load causes stresses, the members, the deflection the 


point the direction the unit load due the actual (not unit) 


loads will be, the deflection formula, 
tsl 
Proceedings, Am. Soc. May, 1919, 322. 
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unit load applied the other joint perpendicular but 
the other sense, causing stresses, t’, the deflection this point under 
the actual loads will 

The sum these two quantities divided will the angular 

rotation the line; but this will the same 


which the stress due load each joint, unit couple, 


with one force each joint. This easy, and follows, from the 
deflection formula, but not the writer’s principle all. 

Professor Parcel thinks Mehrtens has given the writer’s principle, 
has failed grasp that principle. referred 
Professor Parcel. The writer has only the 1907 edition his 
“Graphische Statik”, but finds statement his principle. 
pages 14-17 the rotation line through any two joints, just referred 
to, what found; and pages 52-57 are historical notes, containing 
Professor Church, who cites Equation (54a) page 133. This equa- 
tion, however, refers only solid beams, straight curved, and 
paragraph Abschnitt II, which bears the title “Biegungsfestigkeit 
gerader und einfach gekrummter His Equation (54a) 
obtained from Equations and (38), which, the figures show, 
apply solid beams, not trusses. Also, his Equation (54a) 


which clearly shows that applies beam. The writer’s equation 
contains which very different. 

The writer has found evidence that Miiller-Breslau, any other 
European writer, had perceived the principle, except applied 
beams, or, they had, that they have stated it. course, easy 
see, now that the writer has pointed out, that the principle 
implicitly contained the work equation, but many things are hidden 
until they are made clear. 

Professor Turneaure states* that the principle not new him. 
This not surprising, since simple and obvious; but Pro- 
fessor Turneaure had perceived it, evidently did not think impor- 
tant enough mention, and the writer cannot the least agree with 


etc., 


Proceedings, Soc. May, 1919, 331. 
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his statement that “quite fully set forth” his book. Indeed, the 
writer does not believe that anybody, reading the paragraph Pro- 
fessor Turneaure’s excellent book which reference made, would 
get even inkling the principle. Let any reader test this. the 
first place, the paragraph quotes deals with stresses redundant 
members, and this case the question angular rotation not 
involved. The quoted paragraph refers structures which include 
“members acting beams”. This must mean cases which the mem- 
bers are acted upon transverse loads. cannot refer secondary 
stresses, for these are treated later chapter which begins with the 
statement, “It has been assumed heretofore that all members 
truss are free turn the joints.” then, the meaning 
Professor Turneaure’s reference bending moment unity 
the redundant what point the redundant member? 
Presumably the point where the rotation determined. Pro- 
fessor Turneaure, however, nowhere gives any formula for finding rota- 
tion analogous that for finding deflection. The writer’s principle 
deals with moment unity the point where the rotation deter- 
mined, and shows how find that rotation, and Professor Turneaure 
nowhere does this. The writer free confess that does not clearly 
understand Professor Turneaure’s quoted paragraph, but sure 
that does not contain, even suggest, his principle. Again, the 
writer has not found anywhere Professor Turneaure’s volumes any 
statement illustration the principle, even for beams. 

Replying Mr. Godfrey,* the writer’s object was present 
principle, and illustrate its application. Mr. Godfrey thinks 


‘that “not one engineer fifty doing practical designing could follow 


this That, true, does not speak very well for engineers, and 
would suffice explain the low estimation which many are held. 
also thinks “there reason earth why [the method] should 
applied practical design.” there was time, not long 
ago, when few engineers “doing practical designing”: thought that 
pins bridge should computed all, that the eccentricity 
connections was any importance, and similarly for many other things. 

Mr. Godfrey must certainly have perceived that where members 
frames are rigidly connected, necessary compute find 
expression for the angular rotation the points connection. Some- 
times truss connected beam, sometimes pieces flexure are 
connected other pieces flexure; and the engineer some- 
thing more than “rule-of-thumb” man, able solve new 
intelligently, should have command the scientific principles which 
will lead solution. The principle given the writer will found 
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useful any structural engineer who has the perception and ability 
use it, and those who have not will continue use “rule-of-thumb” 


methods, and will either make their structures too light, waste their 
clients’ money. The principle explained has simplicity for its chief 
merit, being easily applied the usual deflection formula, which few 
engineers “doing practical knew anything about thirty 
years ago. 

The writer quite agrees with Mr. Godfrey the desirability 
simplifying construction and also mathematical processes, and thinks 
has done the latter his paper, witness his demonstration the 
Theorem Three Moments. seems therefore rather ridiculous 
find Mr. Godfrey implying that the writer’s paper tended complicate 
mathematical processes. The writer also entirely agrees with Mr. 
Godfrey the necessity common sense engineering, and the 
importance discriminating between important and trivial theoretical 
matters. has preached and practiced this doctrine for more than 
thirty years; but common sense not guesswork, and one cannot dis- 
tinguish between important and trivial theoretical matters unless 
understands theory. Certainly man who could not follow through 
this paper could not discriminate, and engineers “doing practical 
designing” would give more study simple fundamental principles, 
which the paper illustrates one, there would fewer the “flimsy 
and wobbly buildings” that Mr. Godfrey refers to. There are undoubt- 
edly many crimes committed the name theory, yet probably not 
many the name common sense. The important things are 
perception, experience, judgment, and knowledge funda- 
mental principles. 

Professor Church’s like everything writes, illumi- 
nating, and the writer thanks him for his contribution. The difference 
between the writer’s Equation (4) and Miiller-Breslau’s Equation (54a) 
has been already alluded to. Professor Church’s Equation (33) not 
quite correct reproduction the latter, for reasons already explained. 

Two the discussions, those Professor and Mr. 
criticize the principle itself, its correctness value. Professor 
Burr has evidently not grasped the principle, and his discussion shows 
number misapprehensions. The principle not restricted, 
thinks, “that class structures which the axes members are 
subject angular displacement due stresses flexure 
but applies any structure, whether there flexure not, 
illustrated Case IV. Professor Burr, however, restricts his discus- 
sion flexure. His statement that the unit moment must 
applied each section not correct, clearly shown 
Proceedings, Am. Soc. E., May, 1919, 315. 


Proceedings, Am. Soc. E., September, 1919, 613. 
Proceedings, Am. Soc. September, 1919, 616. 
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The unit moment only applied the point where the rotation 
desired. the case that beam fixed one end and free the 
other, and the rotation the free end desired, the unit moment 
applied there would cause unit moment every section, but this 
not true for beam supported both ends for bar frame. 
Professor Burr’s Equation (2), which appears think the correct 
totally different thing, for gives the change slope between two 
given points, while the writer’s Equation (4) gives, clearly stated, 
the angular rotation given point. beam fixed one end, his 
Equation (2) does, course, give the angular rotation the free end, 
but this only because there rotation the fixed end. His 
Equation (2), then, which states gives the angular displacement 
point the axis beam, only does when the integration 
extended from this point some other point where the slope not 
changed, and this point must first found, unless its position 
obvious, which not generally the case. 

The writer has made analytical error, Professor Burr claims. 
his first illustration what considers this error, Professor Burr 
has perhaps been misled the obvious typographical error the 
writer’s Equation (7), which should not have confused any one. his 
second illustration this error, Professor Burr finds his Equation (8), 
which the same the writer’s Equation (4), for the case single 
beam bending, and which is, course, the angular rotation 
only the point where the unit moment applied, and then incor- 
rectly uses this value were the angular rotation any point. 

The writer’s Equation (14), alluded to- Professor Burr, 
course the most general form the Theorem Three Moments only 
when the moment inertia constant. This obvious, but perhaps 
should have been stated order that one might have been misled. 

sum up, Professor Burr has evidently entirely failed grasp 


_the meaning application the principle. The fact, however, that 


he, who for long has been honored and leading member the 
Profession, and the head one our best engineering schools, was 
not only not familiar with'the principle, but does not grasp and 
denies its correctness when presented, should sufficient prove that 
the paper was needed, and quite sufficient commentary the remarks 
Mr. Janni, whose discussion will now considered. 

Mr. Janni goes out his way find much fault can with 
the principle and its presentation. Apparently, however, has not suc- 
ceeded finding any ground for denying its correctness. says 
“obsolete”, not having yet perceived that principle, 
correct, can never obsolete. says that “any good textbook will 
give some method deriving this formula”, but wisely refrains 
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from naming any book which does. thinks that “any student Mr. 


any engineering school should know” the principle, and that 

“inferior modern methods”. then proceeds attempt 
how much better could solve structural problems, and begins 
stating mysterious “mathematical truth” which gives the angular 
rotation the free end elastic body fixed the other end, using 
what called “elastic weight” and “elastic terms introduced 
Professor Ritter, Zurich, thirty-two years ago, which, according 
Mr. Janni’s ideas, should “obsolete” this time. refrains from 
demonstrating his mathematical truth, but does not state whether this 
because “any student any engineering school” should know it, 
because too advanced and modern. had approached the 
discussion even courteous spirit, instead simply 
trying find fault, might have perceived and pointed that his 
“mathematical truth” most easily demonstrated the writer’s prin- 
ciple, which that truth merely corollary application; but 
the principle obsolete, perhaps the corollary also. 
his Fig. and using the writer’s principle, unit moment applied 
the free end the moment any section unity, and the 
distance from the force (applied the free end) any point 
the axis the piece, the moment that section due Py. Hence, 
Equation (4) the writer’s paper 


times the distance from the center gravity all the 


This mysterious truth is, therefore, merely corollary the writer’s 
principle this particular case. 

Now, always better keep general principles mind than 
corollaries, for the latter may deduced once desired. this 
way the memory will relieved much possible, and any par- 
ticular problem may attacked the suited the 
case. 

easy now take the cases shown Mr. Janni, and 
show that they are either incorrectly solved him may easily 
solved the writer’s principle, other and well-known fundamental 
principles, without using elastic weight any other conception, which 
may only complicate while giving the appearance erudition. This 
not.said derogation the use the “elastic weight”, for prin- 
ciple science, and corollary one, ever becomes obsolete, but may 
times use. The point emphasize the fundamentals. 
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Considering Mr. Janni’s Case This most elementary case 


constant section fixed one end most easily solved the 


area moment method, and the slope the free end may once 


written down from area 

principle precisely the same, since Elastic weight, there- 
fore, unnecessary and also confusing here. the section not con- 


stant, the writer’s Equation (7) may once written, without the 


The writer’s 


last term, and (sum each multiplied its while 


Mr. Janni would have first find the the center gravity the 


finding the quantity parentheses above, and dividing 


the sum all the and then multiplying this same 


sum. The elastic weight here neither necessary nor desirable, but 
merely complication, “any student any engineering school” can 
easily see. Treating Mr. Janni’s second case the writer’s method, 
left-handed unit moment applied would cause unit moment 
every section the three parts, and direct stress. The load 
produces direct stresses well moments, but the writer explained 
his paper, the former are not considered. Resolving 
into horizontal and vertical components and the moments pro- 
duced are: 


pression the left-hand fibers), (causing com- 
pression the right-hand fibers). 


The value the angular rotation may once written, 
observing signs, 


the load under control may sometimes use rec- 
ognize that, passes through the point will zero, but this 
shown just simply the ratio given the above equa- 

Mr. Janni’s Case the same that illustrated Fig. and 
the writer has already shown that his principle gives the solution more 
simply and easily than Mr. Janni’s method. Referring his Case 
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observe what Mr. Janni’s method really is, shall see that 


application very old principles. find the angular rotation the 
bar the point under force clear that the lower 
chord bars will compression and the upper chord bars tension. 
Any shortening the distance 1-3 will cause rotation about the point 


and the stress 1-3, the shortening will and the 


angular rotation about will 


will 


the distance from hence the angular 


Fil 
rotation will and this rotation will affect all the struc- 


ture beyond The same true for each chord bar, all rotations being 
this the same direction; hence the total angular rotation 
will 
will 
and the length the chord bar opposite the joint, and its 
modulus elasticity and area, and its distance from the joint. 


which the distance any point from 


force 


considered act the joint opposite this angular 


rotation merely (sum moments these forces about any point 
the line F). This sum may found the elementary principle 
graphical statics, drawing the string polygon for these loads, draw- 
ing through the point about which the moment desired vertical 
line (that is, prolonging and finding the intercept, between the 
end strings. The moment will the pole distance times and 


taking the pole distance G,then the moment, 


and this times the rotation. 

This not modern, but merely using Culmann’s principle 
finding moments graphically. One wonders that Mr. Janni did not 
consider this principle obsolete. Mr. Janni’s application, however, 
erroneous, because neglects all the web members. solid beams, the 
deformation due shear often generally neglected because (1) 
cannot accurately determined, and (2) often generally small. 
trusses, the deformation due shear may determined accurately 
for the chords, and may considerable. Professor Ritter cites 
case which the deflection due web members was 41% the total. 
There excuse here for neglecting the web. the writer’s 
principle, the stress every would found; the unit moment 
being applied the stress every chord piece due would 
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and the stress due would The web would 


similarly included. The summations may made more quickly, easily, 
and much more accurately than Mr. Janni’s method, which does 
not and cannot well include the web, and which therefore distinctly 
inferior. This example well illustrates the danger using methods 
that one does not thoroughly understand, and the importance grasp- 
ing and adhering fundamental principles. 

The writer cordially thanks Messrs. Hudson, Mensch, Eddy, Cain, 
and Maney for their interesting contributions, which call for 
comment. 

sum up, doubt true, pointed out Messrs. Church, 
Eddy, Cain, and Mensch, that the writer’s principle implicitly con- 
tained Castigliano’s work equation. was the latter implicitly 
contained the law the conservation energy, and the principles 
dynamics Newton’s laws motion. The writer, however, has 
not found Castigliano any statement this principle rotation. 
admits that the principle applied beams was known Europe, 
but has not found explained any American book, neither 
Church, Molitor, Turneaure, Hudson, nor any other. Further, still 
fails see that any author, anywhere, has clearly shown its general 
applicability, trusses well beams, even stated it, 
principle analogous the deflection principle Maxwell. Hence, 
still thinks may called new. 
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CONTRACTS—A COMPARISON “COST PLUS” 
WITH OTHER FORMS 


Discussion* 


the time presenting the paper the writer was principally anxious 
induce discussion subject which seemed him worth it, 
especially this time, and hoped that such discussion might bring 
out statements that would indicate the wisdom otherwise more 
general use the “cost plus” contract. Unfortunately, with one 
exception, there has been little but expressions personal opinion 
which, while interesting and instructive, are not proof either for 
against this form contract, and does not consider worth while 
continue great length further discussion based such grounds. 

Conditions during the war were abnormal that excessive costs 
work should not charged any form contract—organizations 
for supervision were improvised over night and naturally did not 
function smoothly once. The contractors’ organizations were also 
greatly expanded care for the vast increase their work, and 
inevitably the two organizations failed, many cases, evolve the 
cheapest methods doing the work. the war went on, this handi- 
cap was largely overcome, and there were many cases where the super- 
vising engineers and their forces and the contractors and their forces 
worked together most successfully devise means reduce the cost 


the work. The high cost labor and material largely masked such 
Discussion the paper Ernest Wilder Clarke, Am. Soc. con- 
tinued from February, 1920, Proceedings. 
Author’s closure. 
Baltimore, Md. 
Received the Secretary, March 26th, 1920. 
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efforts, however, and very little credit will ever given for real 
effected spite adverse conditions. other words, war- 
time costs were far above those peace times that the fact that 
they might have been still higher except for the efforts made the 
two parties not appreciated. The contractors are blamed for things 
which they really were the victims and over which they had 
control. Frankland states* that “this form contract would 
‘smell high heaven’” some “cost plus” contracts. this state- 
ment true, implies connivance the part the supervising 
forces least such disregard their obvious duty that amounts 
connivance, and any one having proof such conditions should 
bring the facts the attention officers who could punish the guilty 
persons. 

This not the place enter into discussion the causes the 
high costs war construction, but the writer had intimate 
edge conditions dozen more large and small “cost plus” 
jobs, with large and small contractors work during 1917 and 1918, 
feels himself competent assert that after the organizations reached 
good working condition both parties the contracts did everything 
possible make the work inexpensive conditions the market 
permitted, and that intentional loading the pay-roll, loafing the 
job, unnecessary purchases, were neither permitted nor attempted, 
the contractors’ foremen being generally zealous crowding their 
men lump-sum and with-price jobs. 

The writer does not agree that the use “cost plus” contracts 
admission inability write clear and specifications. 
had the honor assist writing some the specifications the 
New York Board Water Supply, and familiar with the extreme 
care used order make those specifications clear and fair both 
the city and the contractor; almost every word was scrutinized for 
ambiguous meaning, and where any doubt existed the exact 
meaning explanatory phrases were introduced other more definite 
word words substituted. Later, was charge construction 
under these specifications and learned how many different interpre- 
tations contractors’ superintendents and engineers could propose for 
words which supposed had only one meaning. Most these dis- 
putes were settled amicably, but they were all potential suits, and the 

fact that they were possible indicative the extreme difficulty 
writing specifications that will prevent misunderstandings. This 
not intended argument for the elimination specifications, 
byt merely indicating that disputes are not always due care- 
lessly drawn specifications. 


Proceedings, Am. Soc. E., October-November-December, 1919, 833. 
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The writer still believes that engineer is, and properly is, 
“biased” favor his employer, the owner; the engineer hired for 
the specific purpose protecting the owner against the contractor’s 
errors, whether not such errors are intentional, and his duty 
require the contractor prove the justice any claim involving 
the reading the contract specifications; the fact that many 
cases the contractor able satisfy the engineer that his claims 
are just and that such cases the engineer has fought secure the 
acknowledgment the owner the claims merely accentuates the 
fact the prior bias the engineer. 

The one discussion which gave the result experience with 
lump-sum and “cost plus” contracts the best evidence that the latter 
form, when handled intelligent and honest contractors, favorable 
for both sides the contract. Presumably, the owners the jobs 
covered Mr. Perry’s discussion* had engineers architects repre- 
senting them and, doubtless, some these men made suggestions 
even ordered methods that resulted decreased costs. 

Engineers are apt assume rather sanctimonious attitude toward 
contractors, hold that engineers are honest, but that contractors 
require strict watching prevent very serious wrong-doing. 
matter fact, intelligent self-interest forces reputable contractor 
work which will bear inspection and which will serve 
advertisement good work and not bad. men, they are, nowa- 
days, the same class and education engineers, and have high 
sense honor. The writer has had the pleasure knowing many 
contractors whose simple word guarantee faithful work and, 
with such men, the engineer’s part the job largely that staking 
out the work, interpreting the plans and specifications when any am- 
biguity discovered, and, general, making inspections see that 
mistakes are not made. 

All engineers are expected, and practically all do, work against 
their own financial interests. Almost invariably they are supposed 
push the job every way they can, work overtime without any 
extra pay order avoid delay the work; order their work that 
the construction not held up—in short everything possible 
get themselves out job and have chance hunt for another 
their own time. 

The writer has yet find gang which, whole, failed live 
the expectation that would this way work against its 
immediate and most apparent interest, and believes that another 
gang which different only that employed contractor would 
perform the same way, its chief made plain that expected 
such attitude, and many contractors have and would make very 
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plain that that was their expectation. reputation for such 
attitude would the best guarantee the contractor and his forces 
have that, good times bad, owners would offer them work 
and that, unlike the engineer, neither the contractor nor his men would 
have hunt for work their own time. 

for the engineer, the “cost plus” offers him chance show 
both executive and ability—to make evident the 
owner that has saved money for him methods whereby costs 
have been reduced, taking advantage favorable developments 
the site, overcoming unfavorable developments minimum ex- 
pense. 

chief inspectors, engineers now get credit the most for nega- 
tive results—they prevent bad work. utterly impossible evalu- 
ate such service dollars, and little effort made so; their serv- 
ices designers are largely forgotten after the plans are accepted and 
work begun and the owner regards them regards insurance, 
overhead expense cut the minimum possible. The contractor 
often thinks that engineers are more less impractical theorists 
with whom has put up, but who can cause him much loss in- 
sisting contract specification interpretations which, his mind, 
are unreasonable. 

matter fact, jobs any size, the engineer generally the 
man best informed local conditions, methods work likely 
produce good results minimum and plant required. has 
spent weeks, months, possibly years, studying the plans and the site 
and has fund knowledge that only partly reflected the plans 
and specifications. After lump-sum item contract let, the con- 
tractor, wise, consults with the engineer and revises his own 
plans and methods far convinced the soundness the 
engineer’s ideas. Any saving made from such revision generally goes 
into the contractor’s pocket. The owner may gain indirectly in- 
creased speed, but the knowledge his employee principally benefits 
the contractor. “cost plus” contract, where the owner and the 
contractor are working harmony, the engineer becomes vital part 
the machinery. His knowledge and his experience are direct assets 
the owner, the contractor, and himself; ceases spectator 
the construction the work designs, and active partici- 
pant methods, plant layout, and responsibility. The writer believes 
that endeavoring relieve owners responsibility for the con- 
tractor’s acts, engineers have also relieved themselves entirely that 
they have become mere layers out work large degree, and, such, 
receive the wages subordinates instead the rewards creators. 

goes without saying that one form contract would apply 
all work, and this appeared self-evident that the point was not 
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mentioned the paper. The generic term “cost plus” was also 
because was recognized that many possible forms this type existed 


and many more could written, although the paper was not advo- 
cate any particular form. form such Mr. Waddell* suggests 
might applicable some contracts, other forms other contracts. 
Many schemes for “letting” whereby competition would secured 
and the elimination new firms avoided could evolved. The engi- 
neer’s estimate probable cost would expected show the owner 
advance the approximate amount money involved and with the 
engineer the owner’s representative full control expenditures, 
would his duty keep the expenditures within that limit explain 


reason for failure so. would also the engineer’s credit 


savings were made, and reputation for ability keep ultimate costs 
below the estimate would enable him demand adequate payment for 
such service. 

The statement has been made repeatedly that under “cost plus” 
contract the contractor has incentive save money for the owner. 
This statement does not credit the contractor’s business sense. 

Firms looking for work under such contracts must able refer 
prospective client the owners jobs they have done and able 
show the cost records such jobs that economy was effected, other- 
wise their first job would their last. matter fact, record 
low costs becomes the most valuable asset such contractor and 
far more importance than the money that might made one 
two jobs running the cost into high figures. The owner supposed 
exercise care the selection contractor and have the work 
properly supervised. does neither these things, may pay 
very high price for his structure, but such owner would just 
likely cheated lump-sum item contract. 

The use the “cost plus” form public work evidently much 
more dangerous thing than private work, but only account the 
political complication. experience proves that the form economi- 
cal for private owners, some scheme could devised which the 
public also could benefited. 

Some contractors may “enjoy the gamble”, but probably they enjoy 
the most when they are sure they will not lose; where they have 
added enough their item charges their lump-sum provide for 
anything short general cataclysm and have been awarded the job 
not account their optimism but because the greater pessimism 
the other bidders. 

the long run, nobody benefited business failure. Some 
owner may get job done below cost, but workmen and supply men 
suffer, and wherever possible the loss passed some other job. 
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Any scheme that tends prevent failures step the right direc- 
tion, provided new dangers are not thereby introduced, and “cost plus” 
contracts can written and applied that these new dangers are 
avoided great extent. 

the paper and discussion has the effect bringing the matter 
more generally the attention engineers, the writer’s object 
attained. believes that the “cost plus” contract one form 
another suitable for use many jobs and that its use would result 
good for owner, contractor, and engineer. 
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GROUTING OPERATIONS, 
CATSKILL WATER SUPPLY 


Discussion* 


deserve credit for presenting data great value. Such data are most 


difficult obtain they involve many trials and experiments work 
considerable magnitude. The following detail considerations are 
submitted being possible interest. 

Placing and Protecting Grout has been made 
the necessity good concrete lining order make grouting 
success securing water-tight tunnel, and may interest 
consider some particular features relative the placing and protection 
grout pipes aid securing good concrete. The placing 
pans and pipes subsequently grouted requires the utmost care and 
forethought; they should placed with some method mind for finally 
filling them with grout, not simply with the idea taking care 
incoming water. careful record should made showing what par- 
ticular function each pipe serves the rock end that, later, grouting 
can done intelligently. Pipes are sometimes disturbed the placing 
heavy mass concrete, and most careful inspection these 
pipes necessary during concreting. All drain pipes, necessity, 
have brought through the forms, and far better the vent 
pipes are placed this way that they may cleared any concrete 
that may become lodged them while the concrete still soft. Pipes 
draining large leaks usually free themselves any mortar that may 

Discussion the paper James Sanborn, Am. Soc. and 
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work from the concrete, but pipes set drain small drips are easily 
clogged, and not uncommon experience find one that was 
placed pick drip perfectly dry, while the leak finds its way 
through the body the concrete some nearby point. material aid 
such the washing out the bottom the drain pipe 
inserting small pipe connected the water line, air line 
water not available, after the manner blowing out drill holes 
before loading rock heading. This must done with extreme care 
after the concrete from ft. above the rock end the pipe. This 
procedure has often saved pipes that started clog the rock end. 

Shaft Ring ring pans shafts, described the 
authors, have double service: First, they furnish channels for grouting 
any shrinkage cracks between the concrete and the rock and possibly 
cracks the rock itself; and probably their most positive func- 
tion collect seepages that are not easily discernible, and consequently 
are not taken care with individual pans the wet sides dripping 
shaft, and which follow behind the concrete until collected the 
ring pan. Where these pans have been used, most common 
find the down drain pipes dripping after all the concrete 
has been placed. Since leaving the work the Aqueduct the speaker 
has found certain instances, where shaft lining has been placed 
without the use these pans, that there greater tendency leakage 
horizontal joints. The pans are preventatives against such leaks. 

has been thought some that might worth while first 
grout these rings with thin grout under high pressure, penetrate the 
rock seams, and afterward blow them out and close them with thick 
grout. 

Displacing Water with the speaker has had 
sion some grouting where water had displaced grout, 
and found that when the volume cement injected compara- 
tively small and the necessary grouting pressures not excessive (60 
Ib.) the hand pump has proved excellent service, 
under instant control, wholly eliminates the ill effects the after-blast 
air, and displaces the water grout without disturbing and mixing 
the two. From 100 150 bags cement can injected with the hand 
pump per 8-hour shift, under favorable conditions. Grouting dis- 
place water with air-discharging grout tank most difficult 
accomplish without the formation considerable laitance. Shutting 
off the tank pressure when the hose kicks when the tank gauge 
pressure drops value, but when this phenomenon takes place, 
charge air has already gone through the hose, stir the grout 
with the overlying water. Keeping the grouting pressure low 


possible worth-while precaution, even the expense clogging the 
hose once while. 
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Volume Set Grout question the ratio between 
the volume mixed grout and the volume set grout place often 
required, sometimes payment quantity. The contracts the 
Board Water Supply very wisely avoided this, been found 
that there fixed, definite ratio. Not only does the volume vary 
with the quantity water and the quantity and kind sand used, but 
the degree which the grout mass shaken the process placing. 
Experiments small quantities indicate that, due the latter cause 
alone, variation 20% may found. necessary determine this 
ratio, experiments involving the particular kind and quantity sand 
used and the quantity water utilized for mixing will probably give 
the most reliable data. 

Grouting Overhead feature grouting which may 
interest the method making overhead closures where the sur- 
plus water from the grout trapped, that is, cannot disposed 
increasing the grouting pressure. Concrete structures are often built 
under other structures, where essential secure good bearing, 
possibly joint that will water-tight. concrete arch placed inside 
steel iron lining another illustration. 


Certain features regard this kind grouting have been worked 
out follows: 


1.—The thicker the grout the less surplus water will thrown off. 

2.—Practically all this surplus water thrown off and pools form 
the top the grout within one hour after placing. 

sand used, the presence small quantity loam (as 
little 5%) increases noticeably the amount laitance 
the top. 

4.—A second, third possibly fourth grouting may necessary 
finally fill the space occupied the surplus water from the 
grout ejected previously. 

5.—Vent pipes should set take advantage any small sum- 
mits; the overhead structure concrete, summits may 
chipped out. Arch roof concrete forms often sag when con- 


crete placed them, but the vent pipes should not allowed 
sag with the forms. 


all pipes are cleaned out soon the grout has partly set, the 
same pipes can used for subsequent groutings. This necessitates 
individual vent pipes each summit. second grouting usually leaves 
only very small space unfilled, but sometimes grout can injected 
third fourth trial. Neat cement grout commonly used after 
the first grouting. Higher pressures can used with advantage the 
space fills up, the structures themselves are strong enough with- 
stand such pressures. The foregoing, course, applies only places 
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where essential obtain complete contact between the two 
structures. 

Grouting Undisturbed Sand.—Several attempts grout undisturbed 
sand have come under the speaker’s notice, but all such attempts were 
ineffectual, even though thin grout and high pressures were used. 
little cement can sometimes injected into gravel that contains 
fine sand filling material. 


ing operations were resorted the lining about 1200 ft. the 
Catskill Aqueduct the section south Twenty-fifth Street, New York 
City, following the development outward leaks through numerous 
small cracks which opened the concrete lining during the initial 
hydraulic test this section. These cracks were due the compres- 


sion shifting the soft seamy rock through which this section 


the tunnel passed. 

This section had previously been grouted the use both low 
and high pressures, but numerous hair cracks lining indicated 
that the original high-pressure grouting had not penetrated the minute 
seams the rocks sufficient distance thoroughly sealed and formed 
unyielding backing the lining. Ground-water flowed freely from 
many these cracks. was necessary, course, stop this flow 
entirely prior commencing grouting operations. These leaks were 
effectively stopped chipping out groove along the line the crack 
caulking the groove with lead wire. 

Threaded pipes, in. diameter, were rolled tightly with cotton 
drill and driven into holes bored the concrete lining. This 
formed entirely satisfactory and tight joint between the pipe and 
the tunnel lining. 

regrouting this section, 9500 ft. 24-in. hole, little less 
than ft. hole per foot tunnel, was driven, and 400 connections 
were made these holes, connections per foot tunnel treated. 
More than one connection was made many the pipes, and some 
were only used for venting purposes. cu. ft. very thin 
liquid grout was forced through these connections, using from 250 
350 per sq. in. air pressure the displacement tank. 

Generally speaking, apparently the grout was effectively prevented 
from re-entering the tunnel. However, peculiar substance incident 
the grouting accumulated within the tunnel. heavy grayish custard- 
like mass was formed, which, when quiescent, became almost hard 
cheese; when agitated became soft and liquid, and was carried 
solution sluggish flow water the invert. settling basin 
was formed slope down stream from the grouting operations, and 
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about 800 cu. yd. this soft waste matter accumulated result 

considerable amount solidified droppings accumulated adjacent 
the grout tanks, caused spillage, venting, and blowing out the 
grout hose. Apparently, most the grout wasted solidified adjacent 
the grout machine even though dropped into the slowly flowing water 
the invert well the lower quarters the tunnel. 

hard account for the enormous quantity this custard-like 
material, and would interesting know whether the grouting 
process generally results similar waste products, and, so, what 
this waste material consists. 


point the fine grinding cement involved. Theoretically, the 
authors intimate, would seem that very finely ground cement would 
percolate more readily into the finer cracks and crevices grout. Like- 
wise, would seem that the cement were ground extremely fine, 
could carried into the interstices sand and gravel grout 
consolidate them place. The authors’ statement indicates that expe- 
rience shows this impossible and that standard fineness has been 
found more practical. 

The mechanical features setting and hardening explain this seem- 
ing clash between theory and practice. The finest particles are hydrated 
the mixing water almost immediately, because the water reaches the 
entire mass once. Particles appreciable size are reached the 
water only the exterior surface, hydration proceeds the 
attack successive layers and some extent percolation water 
into the particles. Ordinarily, the still coarser particles 
are hydrated their exterior surfaces only, and these coarser particles 
with some 15% inert constituents often comprise 40% the 
cement. They act reserves factors safety and will hydrate 
time needed consolidate the mass. 

Therefore, for grouting essential that large part the cement 
ground coarsely that will not hydrate until has reached its 
final resting place and will then slow hydration consolidate the fluid 
that has been the carrier. 

When porous tunnel lining under air pressure, grout will carry 
the coarse particles into the pores some extent and there they will 
hydrate and stop the flow air water, but this only very small 
degree fills and consolidates the total porosity. There one place 
where these reserves coarse particles demonstrate their office very 
plainly—in the case small cracks concrete wall retaining water. 
Sometimes the cement reserves seal the crack place and sometimes 
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percolating water brings dissolved cement the surface, where evapora- 
tion condenses seal the crack. 

The speaker has found these unhydrated coarse particles cement 
structures years after construction. one case tunnel 
lining, another, dam which had been use years showed 
unhydrated particles cement from in. in. diameter. 
These particles had the cellular structure Portland 
cement clinker. Hydration had taken place around the surface the 
particles, and the interiors such particles appeared ready 
hydrate water were introduced through otherwise. 
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AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


THE “LIGHT RAILWAYS” THE 
BATTLE FRONT FRANCE 


Discussion* 


Am. E.—The speaker wishes this paper 
had been extended include facts relating the traffic and operation 
trains narrow gauge. The author when concluding the dis- 
cussion may mention difficulties that not pertain transportation 
standard gauge lines. 


Col. James Dillard, A., read paper before the American 
Society Mechanical Engineers, December 5th, 1918, from which 
the following paragraph quoted: 


“The 1918-model, 8-in. gun, railway mount which uses the same 
barbette carriage the 7-in. gun may elevated from degrees. 
fires either 200 300-lb. projectile maximum velocity 
2000 ft. per sec. and has maximum range about 69000 ft. 
means special 8-wheel trucks possible transport this mount 
over (24-in.) narrow gauge track. This 8-in. mount weighs 
about 180000 lb. and certainly great advantage able 
transfer narrow-gauge track which the kind used the battle- 
front order better conceal operations. the narrow-gauge track 
speed miles per hour feasible. The Ordnance Department 
which developed this mount its entirety considers this artillery piece 
the last word railway mounts. also the only mount its 
kind existence.” 


Any further description such unexpected loading and service 
would especially interesting. 


Discussion the paper Frank Jonah, Am. Soc. continued from 
March, 1920, Proceedings. 
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There are now many miles 2-ft. gauge railroad use the 
United States, not logging factory-yard roads, but veritable 
railroads serving many communities and functioning all respects 
like standard gauge steam road except that freight, passenger, and 
drawing-room cars are not exchanged, but always remain their own 
tracks. Cars are not lost and company can its own repairing. 

The Bridgeton and Saco River Railroad,* more than miles 
length, narrow (2-ft.) gauge road this type, which connects 
Bridgeton Junction the Maine Central Railroad with Bridgeton 
and Harrison, Me. The alignment includes one 36° curve, one 20° 
curve, and others longer radius. The grades reach maximum 
for short distances. The road operates locomotives, freight 
and passenger cars, and total cars. The locomotives weigh from 
tons each. These engines have two driving axles about in. 
apart, one-axle pony truck and tender the engine frame extended. 
The freight cars are more than ft. length, ft. wide and ft. 
high the clear, weighing tons, and carry net load tons. 
The noticeable difference the passenger car the “one-seat” feature 
each side the central aisle. The average speed more than 
miles per hour. 

This road was built prior 1888 and for many years before the 
World-War disturbance and high prices, had paid regular dividends. 
1915 carried passengers and tons freight. These 
-figures, however, not show the great value the road those resi- 
dents who without would shut off from the outside world for 
long periods. Its trains are said always waiting for the Maine 
Central trains the intervals trouble from deep snows; fact, the 
narrow gauge said advantage heavy drifts. 

From Farmington, Me.,-in northerly direction, the Sandy River 
and Rangeley Lakes Railroad 2-ft. gauge has now 106 miles sim- 
ilar roadbed and track and miles sidings. This road operates 


locomotives, passenger cars, and total over 300 cars, and the 


revenues from operation 1918 were $234955. The weight rail 
varies from per yd. 

traveler these narrow-gauge roads not subjected hardship, 
and records not indicate added risks. Extra fare insures seat 
the drawing-room chair car and the principal difference the pas- 
senger’s sensations feeling that the ground not far away. The 
low gravity makes for safety. When cheaper motive power, 
for example, hydro-electric and storage battery service, can pro- 
vided, such 2-ft. gauge lines should become more numerous where there 
not business enough justify standard gauge construction. 


The speaker illustrated his remarks moving picture film showing loco- 
motives, cars and roadbed this railroad. 
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Morris speaker was with the 21st Engi- 
neers Sorcy, Meuse, which place has been described the author, 
from March October, 1918. Afterward was the Argonne, and 
thought that few details his experiences may interest. 

One his first duties upon arrival the front was make 
reconnaissance for the purpose connecting the light railway lines 
the St. Mihiel Sector with the German lines, case advance. This 
plan was properly studied and prior the St. Mihiel advance, large 
quantities light railway material were brought adjacent the 
front line trenches. the morning September 12th, 1918, prepara- 
tions had been completed for the laying the tracks across “No Man’s 
Land”, soon the infantry had advanced. 

The speaker was located town called Flirey, about 400 yd. from 
the front line trenches, where had one company experienced light 
railway troops, with one company negro labor troops, which had just 
arrived France and had had experience with construction work. 
These were the only troops available for this work and were totally 
insufficient number. the morning September 12th, the infan- 
try went over the top about o’clock and the engineering troops imme- 
diately started construct the light railway across “No Man’s Land”. 
the infantry advanced, party experienced engineers out 
the line the ground and marked with the white trench tape. 
may imagined, this line was very uneven and lacked great deal 
the way uniform grades and curves. this point km. track 
had built. Due the shortage labor and lack ballast, 
required days get this line operation, whereas should have been 
built hours order have been real use the combatant 
troops. 

After this line was completed, the regiment which the speaker 
was assigned was moved the Argonne Sector, where light railway 
troops had been available before. The Argonne advance began 
September 26th, 1918, but was almost the middle October before 
any definite headway had been made connecting the American light 
railways with the German lines, This was due insufficient number 
troops, lack material, and great lack proper planning before 
this operation was put into effect. November the light rail- 
ways this sector had been well connected and traffic was operating 
smoothly. the combatant troops advanced November for the 
final phase the Argonne battle, more light railway troops and mate- 
rial had been made available, that for few days was possible 
maintain connections with the advancing infantry, but November 
11th, the infantry had advanced far that the line supplies had 
almost collapsed. November were being hauled 
one line for distance km. and another for distance 
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km. Both these lines were handling approximately 000 tons per day 
rations and ammunition. 

The locomotives which were furnished for light railway work proved 
very unsatisfactory, the steam locomotive being top-heavy. The 
speaker recalls the case one Captain the regiment who re-railed 
these locomotives month, which would seem record. 
The gasoline tractors worked very well times, but generally failed 
the crucial moment. 

was found that curves with radius are sharp 
should used and that grades exceeding should considered. 
Recently, one the engineering papers, some writer has suggested 
the advisability adopting wooden ties, instead steel ties for sec- 
tional track such was used the Armies engaged the front. 
was quite right use the wooden ties back lines where there 
was ample time for the construction first-class track, but certainly 
would not advisable use wooden ties near the front, account 
the delay transporting them. 

The speaker firmly the opinion that the rail used the 
English the ideal rail for the railways. However, under- 
stood that the engineers the War Department are recommending 
rail. 

During the early part 1918 the speaker made detailed study 
the French light railway system from St. Mihiel St. Die 
Vosges Mountains and found that sharp curvature and heavy 
grades were common the French railways, that the road-bed 
rule was too narrow, and that insufficient ballast was provided make 
good track, although numerous cases masonry retaining walls and 
culverts which would credit the standard railways the United 
States were found. This work, can readily imagined, was abso- 
lutely unnecessary war-time construction. 


Hazen Hoyt, the American people are derive 
any benefits from the World War, must profiting the 
lessons learned both home and abroad. necessary, therefore, 
that the good and bad points the different services and departments 
carefully weighed before drawing conclusions, and this true 
the light railways the battle fronts 

The author has given clear idea the types equipment used 
abroad and the work done the light railways, France, but 
has failed bring out wherein they failed their functions. 

the outbreak the war many kilometers military railways 
existed France, principally and around the permanent fortifica- 
tions that country, and is, therefore, only natural that when the 
fighting settled down what was known “warfare position” 
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that these railways should extended help supply the troops the mr. 
line, especially motor-truck transportation has never been developed 


abroad the extent that has the United States. However, the 
Allies soon realized the need this form transportation, and large 
orders were placed both home and abroad supply this demand. 

When the United States entered the war these 60-cm. railway lines 

were well established, and them were taken over the 
Americans with the sectors assigned them. The railway locomotives 
used the Americans France were manufactured the Baldwin 
Locomotive Works, stated the author, but, the speaker’s 
opinion, proved absolutely unsuited the service they were called 
perform. The steam locomotives were entirely too high, had 
insufficient steam capacity, and were badly adapted the kind coal 
they had use. The spring suspension was poor and only 68% the 
weight the locomotives was carried the drivers. The over-all 
length was too great proportion the rigid wheel base, causing the 
rear drivers pull off the rails when hauling heavy trains around 
sharp curves. Although these locomotives were designed negotiate 
30-m. curves, was found that 40-m. curves had adopted the 
minimum and curves were used where possible. Why this 
type locomotive should have been adopted, the speaker loss 
understand, double-truck steam locomotives had been manufactured 
this country for the Allied Governments prior the entry into 
the war the United States and had proved entirely satisfactory. 
poor was the ability these stay the track, that 
one company the 21st Engineers operating and maintaining approxi- 
mately km. track during the Argonne Drive had re-rail 
locomotives month. 
The gasoline locomotives worked better far their ability 
stay the track was concerned, but the standard workmanship and 
material was low, and mechanical troubles were constantly arising, 
principally with the clutch and gear case. The spring suspension 
also was poor which, combined with the large overhung weight 
either end, caused jumping effect high speed, frequently result- 
ing derailment. 

The cars were far too heavy for their load capacity and trouble was 
constantly being experienced with the draw-bars, due largely the 
great amount side play allowed, resulting frequent instances 
broken draw-bars when coupling the trains. four-wheel car 
half the capacity had been adopted, the weight could have been reduced 
nearly two-thirds, besides such cars would have been far easier 
re-rail than the eight-wheel double-truck type furnished. 

The author states that both the English and French Armies had 
found that took approximately 21000 man-hours build mile 
track. this connection, would well give some figures 
the work done the 11th Engineers during the Cambrai Drive 
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Mr. November, 1917. Working conjunction with about 350 men the 
Hoyts 4th Battalion Canadian Railway Engineers, 300 men the 11th 


Engineers laid approximately miles standard-gauge track 
days, from Epehy Marcoign. The best time was made the Amer- 
icans, who laid miles track hours and min. This work 
consisted re-laying the rails and ties, filling shell holes, mine 
craters, blown-out culverts, trenches, the ballast being already 
place the line followed along the old right way the Nord 
Railroad, from Peronne Cambrai. 

Another matter which caused endless trouble for the troops operat- 
ing the light railways, was the voluminous reports required the De- 
partment Light Railways, many which was impossible supply 
and almost all which could not given accurately, due the con- 
ditions operation. This was particularly true the reports coal 
and gasoline consumed, much this material was obtained from 
captured German dumps and the quantity could only approximated, 
weighing apparatus was available. 

Another source annoyance was the difficulty, not impossibility, 
securing permission change the equipment any way, this 
meant change the standards. Many these changes were minor, 
but would have helped materially the operation the trains and 
could have been done easily the troops themselves had permission 
been granted. 

stated the author, the main shops the light railways were 
Abainville, almost directly back the center the Toul 
Sector; this town also was the supply base for the light railways. 
Until the lines started advance served its purpose very well, 
would have, had the shops been completed. After the First Army moved 
the Argonne, however, this base was about km. away road 
and nearly twice that distance rail, requiring nearly three days’ travel 
rail and almost day road order obtain supplies. Even when 
these supplies arrived the light railway shops the First Army, 
Dombasle (in Argonne), they were nearly km. from the advanced 
railway 

These were the conditions existing the time the advance 
the American troops the Argonne, and previously lesser scale 
the St. Mihiel Salient. The first proposition that confronted the 
Americans, course, was throw line across “No Man’s Land” 
order connect with the abandoned German track. Prior the 
opening the St. Mihiel offensive careful study had been made 
the situation, and material all sorts had been provided for connecting 
the German lines three points: From Flirey Essey, from Bois 
Chenau Woinville, and from Point Metz St. Baussant, the 
average distance being about five miles, including the approaches 
both sides and the distance across “No Man’s Land”. Work was 
started simultaneously all three lines the morning September 
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12th, 1918, but was not until about October 1st that these lines were Mr. 


fit for train operation, spite ample troops and material having been 
provided beforehand. 

This same condition existed the Argonne, aggravated marked 
shortage rails, ties, time and transportation had not been 
available for their concentration back the lines. great had been 
this delay that the time the Armistice was signed the farthest point 
light railway operation was about Buzancy, approximately half 
way from Varennes Sedan. Furthermore, this point marked about 
the end the system German light railway track abandoned them 
their retreat, and from here the Americans would have been compelled 
build entirely new lines supply the troops the forces had been 
pushed ahead. This condition existed spite the fact that some- 
what more than 6000 men were employed the light railways the 
First Army that time. 

From this can readily seen that, although the light railways 
had proven their value “war position”, they proved totally 
inadequate following extended advance, and the troops were 
forced fall back the road transportation for their supplies. 

Reviewing the conditions they existed the St. Mihiel and 
Argonne fronts during the advance the American forces Sep- 
tember, October, and November, 1918, the speaker’s opinion that 
better results would have been obtained every effort had been 
centered pushing forward the standard gauge rail-heads, which 
the time the Armistice had reached Varennes, and improving the 
roads, that the greatest possible volume road transportation could 
have been used for the supply the troops. This would have neces- 
sitated careful study the available roads and well-trained body 
Military Police handle the traffic and avoid congestion. order 
that these roads might kept the best possible shape, the men and 
ballast used the light railways should have been diverted for this 
purpose, leaving the 60-cm. lines handle the salvage collected from the 
battlefields, pushing forward their lines conditions permitted. 


tion transportation the front: the early months 1918 the 
speaker attended conference between representatives the American 
Expeditionary Forces and the British Army Transport Service, repre- 
sented Gen. Thornton, formerly the Long Island Railroad, then 
charge transportation along the British front. 

After explaining the terrible straits the Allies, for cars and loco- 
motives, Gen. Thornton said: “If the line stays where is, can 
probably get our supplies and ammunition, but the Boche ever 
retreats, God help us, lost!” 
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has touched but briefly phase light railway work about which 
well qualified speak, namely, the light railways the extreme for- 
ward areas, where conditions differed materially from those obtaining 
farther away from the trenches. 

The light railways operated the American Expeditionary 
Forces may divided into three zones: 


(a) Near the rail-head, operated steam locomotives. 
(b) The forward area, operated gasoline locomotives. 
(c) Tram lines the extreme front, using animal man power. 


Wherever the lines were far enough from the enemy reasonably 
safe from shelling, steam locomotives were used, they were more 
powerful and could haul heavier trains. The gauge track was ft. 
in., and the over-all width the steam locomotives was ft. in., 
consequently they needed substantial track. Nearer the front, the 
light night and the steam and smoke by. day made them undesirable, 
gasoline locomotives were used. Where their use was impracticable 
even night, well numerous spurs batteries, mules and 
horses were used, the ammunition and supplies were transferred 
light cars pushed men. Fig. shows light car transporting water 
spur reaching within few yards the front line trenches, and 
typical tram-line conditions the extreme front. 

The first, zone, approximates more nearly ordinary rail- 
-road, and has wooden ties, rock gravel ballast, and comparatively 
light grades and curvature. The road divided into blocks with 
telephone train-despatching system. Where not subject shelling, small 
huts were used the despatchers, shown Fig. 11. These huts 
were made sections hooked together and could taken down few 
minutes, moved, and re-erected another place with equal rapidity. 
the forward zone steel elephant huts were used 
house the despatchers. These huts were protected sand-bags shown 
Fig. 12, which view the despatcher’s hut Broussey. This. 
hut was the terminus the section, beyond which 
animal traction was used. All operation was night, and the curtain 
hung across the roadway was hide from enemy observation. 

The road exposed places was screened camouflage, shown 
Fig. 13. first, there was great deal hesitancy about building 
much the open forward areas, but experience showed that very 
difficult hit such narrow target unless directly enfiladed. Near 
Beaumont, point called “Dead Man’s Curve” was subjected shelling 
for months, but comparatively infrequent repairs the track were neces- 
sary. When shell did hit the track, was simple matter take out 

Wayne, Pa. 

Received the Secretary, March 18th, 1920. 
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Hut, SHOWING SAND-BAG PROTECTION. 


Fig. 13.—CAMOUFLAGE THE FRONT. 
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the damaged section, sections, shown Fig. 14, and replace them mr. 
new sections. Wrecking trains were stationed intervals, which 


were carried some full length (5-m.) sections track and some half and 
quarter sections, ready make quick run any damaged point and 
replace the track. The difficulty hitting the track and the ease 
repair makes far more costly destroy light: railway shell fire 
than restore it. about impracticable destroy such railway 
shell fire get rid the same manner. This fact 
their protection. 

There were two abandoned meter-gauge railways the Toul Sector, 
and places much work and ballast was saved laying the light rail- 
way track the center the old meter gauge, shown Fig. 15. 
The dug-outs and huts shown are the shelter the old railroad cut 
just behind the trenches and are occupied the troops holding that part 
the line. illustrating the amenities life this one 
the writer’s corps making railroad location “Shrapnel Valley” just 
the right this point, was hailed one day officer who said that 
the Boche had broken through and wanted the survey party help 
man the machine guns till reinforcements arrived. The survey was 
temporarily deferred. 

Just south this point the light railway left the meter gauge, 
which formerly crossed the bridge shown Fig. 16. Barbed wire 
entanglements are shown the foreground, also one the narrow- 
gauge “speeders”. These little speeders were used officers and men, 
repair gangs, and the like, for getting over the road, and were indis- 
pensable. Their usefulness would have been far greater, however, had 
they been adapted the service they were called perform. There 
were two types. The one shown Fig. held six persons; had one 
cylinder, was cranked pushing along the.track and, when 
heavy grade, good track was absolutely essential, would stall not 
moving rapidly. The smaller speeder, holding three persons, had two 
cylinders, was swifter and more easy riding, but stalled even more 
readily grades and jumped the track provocation whatever. 
The writer preferred the other, but took many unpleasant spill. 


Derailments were constant with each type, they had clutches, and 


although they would run well smooth track, they could not 
operated slowly and were entirely unsuitable for conditions the 
front. serious injuries and one death occurred from their use 
the 21st Engineers. They should have had clutches, means crank- 
ing, and have been geared that they could run slowly poor track. 
There good, light friction-drive speeder the market. 

The general instructions location were avoid heavy work, and 
11, 14, and indicate the character the great bulk the 
line constructed. Where the track leaves the rail-head Yard, 
the curve marked “To Plate II, there was ridge 
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crossed, and heavy traffic had handled, the writer put the 
heavy work the line—a 17-ft. cut shown Fig. 17. 
French highway carried the bridge the foreground. There was 
considerable criticism prior the completion this cut, but the writer 
heard none after was finished and operation showed the justification 
for it. general, however, work this character would utterly 
misplaced light railway lines. Ease and speed construction are 
generally paramount importance, and also necessary know 
just how long will take construct given line under prescribed 
conditions number men available. The construction forces must 
divided such manner that grading, track-laying, and ballasting 
will progress with equal rapidity, that the line will completed 
without any delay due the track being held back grading, 
ballast not keeping with the track. Conditions varied materially, but 
rough average the lines the forward part the Toul-St. Mihiel 
Sector indicated that with approximately 1-ft. cut fill, the forces 
should proportioned follows: 


Progress charts were prepared, and when the work was completed 
was checked against the preliminary estimates, shown Table 


TABLE anp ACTUAL PERCENTAGES “K” LINE 


(RAULECOURT). 
Estimated Actual 
percentage. Man-days. percentage. 


The Line aggregated 2.344 man-days per mile, 
comparing this respect with the Abainville Line cited Col. Jonah. 
Each was what may termed trunk line. The Hamonville and 
Raulecourt Lines, the contrary, were close the front, with light 
grading and sectional track. The Hamonville Line averaged 024 man- 
days per mile and the Raulecourt Line 1169 man-days per mile. The 
Abainville Line and the southern part the Cornieville Line were laid 
with wooden ties. the Cornieville end steel ties and sectional track 
were used, which afterward were replaced wood. avoid interrup- 
tion traffic during the change, the wooden ties were placed between 
the steel ones, and the new rail, bolted together sections several 
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14.—REPLACING TRACK DAMAGED SHELL 


LAID OLD METER GAUGE LINE. 
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hundred feet long, was laid either side the sectional rail. After 


the passage train the sectional track was lifted out, thrown one 
side, and the new rail quickly spiked the wooden ties, only four bolted 
connections being necessary for the entire section. Fig. shows this 
operation. The new rail ready spiked into place soon the 
sectional track lifted. the foreground enough the 25-lb. Amer- 
ican rail wooden ties shown indicate its superior alignment and 
solidity. 

will noted that the lines the extreme front averaged, only 
about half many man-days per mile for construction those farther 
back. They had few bridges and all the work was light. the con- 
trary, given equal amount traffic, the maintenance these lines 
was greater, and wooden ties held much better than steel ties. 

What lesson experience the World War teaches the defects 
that developed the light railways, and the remedy, question 
utmost importance. 

Paul McGeehan, Am. Soe. E., article entitled “Notes 
Army’s Light-Railway Practice has put his finger what 
the writer considers the lesson profited light railways are 
made the success which their importance demands. Capt. 
McGeehan says, “The number derailments was almost scandal. 
‘one classic occasion Tincourt, the British front, all the steam 
locomotives the service were the ground the same time. Derail- 
ments were numerous and the cause much loss time that 
orders had issued reduce speed not more than eight miles 
hour.” 

The first and most obvious thing which consideration should 
given the roadbed. Ballast all odds the most serious problem 
light railway construction. Table will noted that 244% 
the labor, that particular branch, was used ballasting, but this 
does not begin what involved that part the construction. 
The quantity ballast needed and the long hauls frequently necessary 
before can placed, choke the railroad with ballast trains. the 
week ending April 19th, 1918, tons hauled the light railway, 
290 tons consisted ballast. For the week ending August 31st, 1918, 
the total hauled was 885 tons, which 717 tons were ballast. The 
following week the figures were tons total, 7954 tons which 
were ballast. general, the ballast varied between one-tenth and one- 
quarter the tonnage moved. McGeehan calls attention 
one instance where ballast had fed continuously into certain lines 
order keep ration trains running. “Ballast, even, had put 
under this track keep the ballast trains themselves running.” 
agrees with Col. Jonah considering wooden ties preferable, because 
surface and line are more readily kept, and steel ties cut into the ballast. 


Engineering News-Record, October 2d, 1919. 
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Their contention not open dispute, and when done the 
writer would advocate their utilization, but feels that the forward 
areas the superior speed with which sectional track can laid, espe- 
cially night, the lessened demand for skilled labor, and the avoidance 
noise due spiking, make the bolted sections with steel ties vastly 
preferable. 
Much the sectional track used the American forces was French 
Decauville track with 16-lb. rails. This too light for main track, and 


the head the rail too narrow give the drivers proper adhesion. 


The American 20-lb. and 25-lb. rails were superior every way. Per- 
sonally, the writer prefers the 20-lb. rail, seemed quite 
satisfactory and lighter handle. mistake have both. The 
difference appearance between the 20-lb. and 25-lb. sections neg- 
ligible, and one instance led disastrous results. start was made 
lay several miles sectional track, and after quite stretch was 
down, the sections failed fit. was then discovered that the erection 
shop had forwarded the front sections having one and one 
rail each section. was not noticed long the sections happened 
have all the 25-lb. rail the same side. When, however, rail 
came match against 25-lb. rail, trouble began, and gentle 
critique the erection shop the track-layers ensued. 

The American standard sectional track, (16 ft. in.) long, 
had eight ties, with total tie area bearing 13.76 sq. ft. per sec- 
tion. The German sections were not all alike, but general had ten 
ties the section. One excellent type had total bearing area 23.2 
sq. ft., 176% the area the American section. The American 
20-lb. rail section weighs 406.4 lb. The German section with American 
rail would weigh 549 lb. Although heavier handle, would 
not objectionable. Furthermore, the German ties are ft. long, in. 
longer than American ties, giving somewhat superior stability. most 
importance, however, their width which in. against in. for 
American ties. The Second Progress Report* the Special Commit- 
tee Report Stresses Railroad Track throws interesting light 
the relative supporting capacities these two widths tie. 
shows that the supporting capacity greatly increased increase 
width. Table that report indicates that “with jarring” the German 
tie would support load approximately 160% that the American 
tie. Since there are 25% more ties section, the superiority the 
German section poor soil apparent. 

The writer would advocate the continued use sectional track 
the extreme front, wherever speed construction essential, using 
soft ground mat brush, leaves, the like, when obtainable, 
before placing the ballast. Where wood available, has found great 
benefit result from inserting between the steel ties bad ground 
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18.—REPLACING SECTIONAL TRACK RAIL WITH WOODEN 


RAILWAY GASOLINE TRACTOR AND FLAT 
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either wooden ties, planks, boughs trees, give added bearing 


power and stability. 


gauge, where enemy’s lines have the gauge, was 
the case France, undoubtedly preferable adopt the same, 
that his lines may utilized advance. Otherwise 30-in. gauge 
would preferable. the rolling stock nor the track would 
weigh any more, and the tendency derailment would less. 

Practically all the articles which the writer has read the subject 
regard the great part the troubles light railways arising from 
poor roadbed. some track changes may be, they are 
minor importance, the writer’s judgment.. must borne mind 
that under battle conditions the roadbed must and will poor. 
vitally necessary get cars and engines that will run poor road- 
bed. This has been the writer’s contention from the start. American 
rolling stock was based the idea miniature standard-gauge rail- 
way. should based that contractor’s rough-and-ready con- 
struction railway. interesting side light thrown this 
remark page 218 the “Historical Report the Chief Engineer 
American Expeditionary Forces,” where stated: “It 
was found that the lines the German system contained many sharp 
curves and heavy grades, which called for reduction before American 
equipment could successfully operated.” Lieut. Harvey Bell, 
New York City, formerly the 21st Engineers, F., mechanical 
engineer great experience industrial railways prior the war, 
well operation light railways France, writes: 


took six trains about seven cars each, using steam power, from 
Sorcy the Argonne. passed near Mt. Sec and ran near the new 
front over German track and had some pretty exciting times. Our loco- 
motives made much noise and showed much light that they must 
have been easily located. add our troubles both engines and cars 
seemed always leave the track soon shells began land near us. 
One night the Argonne our steam engine turned over its side 
bad blocking the main line. worked until midnight get- 
ting again, and sooner were prepared start than turned 
over its other side and didn’t get till morning. could tell 
you hundred stories similar nature with our equipment, yet 
never saw French engine gasoline locomotive off the rail.” 


The American gondola and flat cars were ft. in. long over 
couplers, and ft. center center trucks. The weight the 
gondola was 000 Ib. and the flat car 8000 Lieut. Otis Gregg, 
the 21st Engineers, also man wide experience industrial rail- 
ways, suggests four-wheel car which could made one-half the 
capacity and one-third the weight and which six men could lift 
the track. The little four-wheel, dump cars, ft. in. long over 
couplers, kept the rails rough track and would around curves 
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Mr. which the other cars would not begin take. Fig. how heavy 
can moved very simple rolling stock. 


The steam (Fig. 11) were too high, had bad spring 
suspension, and only 68% the weight the locomotives was carried 
the drivers. The rear drivers would pull off the rail the inside 
the curve when hauling heavy train over sharp curves, because the 
over-all length was too great proportion the wheel base. 

locations made the 21st Engineers compensation for 
ture grades was made the rate 0.02% per degree curve. 
Nevertheless, with the long cars operated the Americans, curves 
offered much greater resistance traffic than grades. 

The writer’s regiment was fortunate having several mechanical 
experts great ability, and they were entire agreement with him— 
not mechanical engineer—as the desirability different 
type rolling stock. Lieut. Alfred Chandler, Jr., now representative 
the Baldwin Locomotive Works South America, was most insistent 
the need for revision the design American engines. double- 
truck gasoline locomotive with all the weight the drivers, motor 
about p., and four-speed transmission, replace both the steam 
and the gasoline locomotives would be, the opinion those better 
qualified than the writer pass judgment, great change for the better. 
France, conditions which the locomotives had remain 
miles away from proper supplies coal and water and pit tracks. 
Gasoline locomotives could carry supplies all kinds sufficient for 
four days’ hard work. 

stressing the question rolling stock, possible that the 
writer’s meaning may misconstrued. not his intention 
advocate poor track. Make the best that possible, but when condi- 
tions compel that “best” poor, have cars and engines which will 
run the worst it, and which can readily re-railed. 

The light railway not adapted and should not used for long 
hauls, which can far better taken care the standard gauge. 
not practicable destroy shell fire, that should used 
where the standard gauge cannot operated, with necessary extensions 
the rear reach properly located shops and enable the withdrawal 
equipment event enemy advance, these extensions 
located and built accordance with the best principles standard- 
gauge practice. 

page 82,* Col. Jonah has clearly and stated the pri- 
mary reasons for the development light railways. Some concrete 
examples what the light railway does may interest. Maj. 
Boyer, the 4th Canadian Division, report Sir Henry Jacob, 
gives idea the great saving work effected them. says: 
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Car LOADED WITH AMMUNITION. 


Fic. THE LIGHT RAILWAY. 
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“Before the tram lines were organized and constructed one horse 
and one man brought his battery eight 18-lb. shells, therefore 


deliver rounds took horses and men; the tram 
lines, taking average hundred rounds per truck, would take 
160 horses mules and 184 men; saving and allowing rest 1816 
men and 840 horses mules.” 


Light railways are also the greatest aid troop movements, 
saving tiresome marches (generally night) and relieving the already 
congested highways. extract from citation the 21st Engineers 
the Commanding General the 82d Division illustrates this point 
very clearly. says, part: 

“The light railway great saving trucks and gasoline; also 
great saving the men, who were saved physical exertion moving 
about and were able apply the exertion other more important 
work. also made possible for the men move quickly during the 
reliefs, where camp men unusual stations move them about 
daylight would attract enemy fire and suspicion. Some 20000 troops 
were moved recent relief, much the benefit the troops.” 


The writer would like take this opportunity expressing his 
appreciation the great help which the author’s keen observation 
and trained judgment was him the location and construction 
the light railways. deeply indebted Col. Jonah for his criti- 
cisms and suggestions. 


i 
4 ‘ 
‘ 4 


; 
{ 
3 
| 
{ 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


EXPERIMENTS THE FLOW WATER 
THROUGH CONTRACTIONS 
OPEN CHANNEL 


Discussion* 


clusions drawn from these carefully prepared experiments are character- 
ized the cogency their logic. The author regrets the fact that 
owing the war his examination was not carried further. 
hoped that profitable undertaking may continued, not only 
the interest hydraulic science, but also for the practical benefit the 
The author very properly calls attention the folly 
using hydraulic formulas beyond the limit their application. 
formula must modified changed whenever new condition arises 
the flow. The danger here involved has been forcibly brought home 
the use run-off formulas; but there are many other examples 
well, and many hidden rock which professional reputations have 
been damaged. 

Any device for contracting the cross-section jet stream 
water constitutes measuring device. Thus there are orifices, weirs, 
Venturi meters and contracted open channels. The underlying prin- 
ciple them all the hydraulic expression the law the conserva- 
tion energy, namely, Bernonilli’s theorem—pressure head plus 
velocity head plus friction head constant. 

Some years ago, the writer designed stilling box for use 
volumetric tank measurements and weir determinations. consisted 


This discussion (of the paper Lane, Assoc. Am. Soc. E., pub- 
lished October-November-December, 1919, Proceedings, but not presented any 
meeting) printed Proceedings order that the views expressed may brought 
before all members for further discussion. 


Houston, 
Received the Secretary, March 5th, 1920. 
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Mr. copper float, convex the lower side, with brass stem hold 


which passed and down through slot the recording scale. 
All graduations were wood which believed small improve- 


graduated 
hundredths 


Vitrified Pipe 


= 


> 


SS 


Side Section Front Elevation 


FLOAT GAUGE 
21. 


ment the steel tape referred the paper because the fact that 
wood does not corrode. The float moved and down through riser 
sewer pipe, with small hole for the entrance water the bottom, 
shown Fig. 21. 
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order guard against any possibility binding was the prac- mr. 
tice tap the index lightly with the finger before taking reading. 
This float gauge gave good results and better than hook-gauge, 
where rapidity and elimination surge are necessary. 

diseussing Formula (4), the author says: “Part (b) the dis- 
charge, according the Weisbach theory, exactly equal the total 
discharge according the d’Aubuisson theory.” This true provid- 
ing the coefficients are the same. The separate coefficients appear 
Formula (14). The writer questions the strict applicability Formula 

(12), which applies orifice flow. This same equation appears 
modified form again Formula (18). The distinction made between 
stream line and turbulent flow not well taken. The stream-line theory 
now obsolescent, not obsolete. 

The author very properly calls attention the great advantage 
the expanding flume over the weir for water measurement, the flume 
being free from clogging floating matter, free from silt deposits, and 
requiring much less loss head. 


“New Water Measuring Devices”, the author refers the Venturi 
flume suggested Mr. somewhat different and equally 
simple device using the Venturi principle was suggested the writer 
1915, for the purpose measuring flow irrigation laterals. 
consists ordinary rating flume with parallel sides, the only addition 
being thin, galvanized steel plate fastened the sides, which depresses 


the water surface contract the flow area throat, shown 
Fig. 22. 


Ditch Gauge Throat Gauge 


For ordinary irrigation heads from sec-ft., the throat 
in. high and ft. wide, the throat velocity varying from 4.5 ft., with 
corresponding velocity heads 0.31 1.26 ft. Two vertical staff 
gauges, and are read, the upper one placed the ditch above the 
wings the flume, the lower one the head-water basin above the 
metal plate which communicates through small holes the throat with 
the flowing water. 

For flow varying from ft., the velocity the approach ditch 
may range from 1.5 ft. Allowance made the formula used 
for the mean velocity head approach. 

Portland, Ore. 


Received the Secretary, March 25th, 1920. 
Journal Agricultural Research, Vol. No. April 23d, 1917. 
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Experiments made three reclamation projects with flumes similar 
that shown Fig. 23, indicate that, the formula, 


which the difference gauge readings and the mean velocity 
head approach, the value increased with For the dimensions 
flumes used the experiments, the formula becomes: 


VENTURI EXPERIMENTAL FLUMES 
NORTH PLATTE AND BOISE 


Upper Gauge 
Boise Throat Gauge 


SECTION 


Top Braces omitted 
PLAN 


SUN RIVER 


Movable Vertically 


Top Braces 
PLAN 
omitted 
23. 


The flow thus determined experiments which the throat 
velocity was more, was compared with the flow measured 
standard Cipolletti weirs with the following results (see Fig. 

measurements show error less than per cent. 
3 “ “ “ “ “ “ 5 “ 


1 “ “ “ “. “ 


These results appear quite satisfactory, considering that the 
weirs themselves are subject error and that they three 


| Gauge Gauge 
| i th —! | 
Stilling Box Stilling Box 


Papers.] FLOW WATER THROUGH CONTRACTIONS 695 


devices built and tested widely separated points and 

experimenters. 
The device cheap, and the gauges can easily read ordinary 

ditch rider. There little danger silting and the loss head where 


flaring wings are used, both down stream and stream, can held 
North Platte Experiments 


Approx, 
Throat 
Boise Velocity Flow 
Sun River 


0.80 0.85 0.90 0.95 1,00 


down less than 20% the velocity head throat, for the 
dimensions and maximum flow question less than in. The 
accuracy not. seriously affected the usual range variation 
back-water. 

Under certain conditions this form Venturi flume likely 
more accurate than the weir, partly because small error gauge 
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reading has smaller effect. was intended, however, especially for 
eases where the available head small where the water carries con- 
siderable silt. 


writer has read Mr. Lane’s valuable contribution the literature 
the subject high-velocity flow open channels, and has been par- 
ticularly interested the experiments which the channel was given 
smooth rounded entrance, producing fairly smooth stable flow 
through it, with the internal pressure conditions such channel not 
upset sharp-cornered entrance. 

One point which the writer wishes make this connection 
that the quantity discharge through channel conduit this 
type may governed other conditions than the depth water 
down stream, that each condition flow must studied itself 
determine just what that controls the quantity flow, and that 
usually simple matter make this computation with remark- 
able precision, even when high-velocity flow and the hydraulic jump 
are involved. 

The conclusion drawn from the experiments justification 
the formula, other words, the Bernouilli theorem. 
Everything the experiments confirms this theorem and, conse- 
quently, justifies the computation maximum discharge the dis- 
charge depth equal two-thirds the total net head, twice the 
velocity head. Accordingly, the down-stream head the controlling 
section less than two-thirds the total net head, too low have 
any effect the quantity discharged (through channel conduit 
long enough contain reasonably uniform flow). also true 
that the down-stream head can quite little greater than this two- 
thirds depth without materially decreasing the discharge. This char- 
acteristic the water surface near the two-thirds depth has tendency 
create surface waves. 

One point which should borne mind that the undulating 
surface profile does not represent the pressure head the water beneath 
the surface, one might led expect from the author’s compu- 
tations and plotted results. The vertical height based this undulating 
surface which has marked “loss head”, and which appears 
and decrease through the length the channel, not the 
actual loss head. The actual loss continually increases and can 
never recovered. The author’s profile would have been clearer, 
this loss head had been plotted vertically down from the “elevation 
head water”, such way show the net available head contin- 
ually decreasing. Then the critical two-thirds depth instead being 


New Orleans, La. 
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plotted two-thirds the total original head, should have been plotted 
two-thirds the net head after subtracting this loss. This then 
would have shown more remarkable coincidence between the actual 
depth the channel and the theoretical two-thirds depth for maxi- 
mum unobstructed flow. 

bring out this point more clearly, the writer has taken all those 
experiments which the rounded entrance was used, has used con- 
stant coefficient for this entrance little less than 0.92, which 
the coefficient apparently indicated the experiments, and has com- 
puted the discharge analyzing each case separately, both with and 
without the expanding flume, disregarding entirely the down-stream 
water level when lower than the critical two-thirds depth. The 
computed results (Table 11), compare remarkably well with the meas- 
ured discharge, undoubtedly well within the precision the measure- 
ment the discharge. 


Channel, Foot Wide; Radius Entrance Sides, Inches. 


Down-stream water level...... 0.802 0.857 0.798 0.72 0.921 0.991 1.087 1.288 
Loss 0.084 0.072 0.058 0.062 0.064 0.05 0.04 0.08 
Net up-stream 1.326 1.288 1.102 0.988 1.016 1.06 1.14 1.27 
Computed discharge, cubic feet 

Measured discharge............... 4.735 4.267 3.587 3.0 8.12 8.2 8.1 


Proceedings, Soc. E., October—November—December, 1919, pp. 732-734. 
The numbers these runs appear interchanged Table 


Before velocity head recovered (with, say, 20% loss) expansion ft. 


Too low possibly affect the discharge; hydraulic jump must occur. 


Velocity head flume, 19%, equivalent discharge coefficient little less 
than 0.92. 


Use this depth greater than effective down-stream head. 


believed most valuable contribution the literature hydraulic 
investigations and certainly one great interest all engineers 
dealing with problems river training and regulation, well 
those interested irrigation and power development. 


Tientsin, China. 
Received the Secretary, Aprik 1st, 1920. 
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The complete description the plant and methods used, with the 
illustrations, give confidence the accuracy the tabulated data and 
the results shown. The Cippoletti weir not usually considered 
accurate measuring device the rectangular weir with sup- 
pressed contractions. However, this case where special experimental 
coefficients are used, there little doubt the reliability the 
measurements. The author’s descriptions of, and comments on, the 
float gauges are considerable importance, and would also inter- 
esting know what led the selection the particular curve used 
for the sides the expanding flume. 

The experiments show conclusively that the coefficients the two 
formulas investigated are far from constant. Although these coeffi- 
cients vary with the nature the entrance the contraction, 
clearly shown that this variation some function the effective head 
and depth the contraction and also one case the width. 
possible that the coefficients for rounded other forms entrance 
vary with the width, well those for the sharp edged contractions. 
The author’s results the two different widths the sharp crested 
weir agree this regard with the coefficients Mr. 
Beigh from his observations and measurements made India, which 
approach unity the width the contraction increases. 

While the author has treated this variation linear and while Fig. 
would indicate straight line law for the sharp edged contraction, 
does not follow that would all cases; might expressed 
relation the form: 


which the law becomes linear when for the sharp edged 
contraction. The writer found that with single equation 
could found express the probable variation the d’Aubuisson 
for the round edged contraction, very nearly not quite 
well the two equations given the author. this, the writer 
subdivided the points shown the circles Fig. into seven groups. 
The centers gravity these groups were then found graphically 
and their co-ordinates tabulated. The coefficients were then plotted 


against the squares ratios, 

was found that straight line passes practically through all 
except the lowest these points. equation could written giving 
reversal the direction curvature make the curve pass 
through the center this lower group and near the lowest isolated 


point introducing term the form but there are not 
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enough experiments with very small differences depth warrant 
this. The resulting equation is: 


2 
This, however, probably not the correct expression for the com- 
plete law the variation which should approach unity instead 


quantity less than unity, for very small values For 

decreases approaches the value the velocity head its limit. 
With any given value for decreases with increase which 
has the area the channel approach its limit. order that 
the value may remain constant and both approach their 
limits, necessary that approach unity its limit. seems 
probable, therefore, that the variation only approximately linear 
even for sharp edged contractions. other words, the author’s inves- 
tigations, demonstrating the variation also demonstrate that 
neither the formulas discussed represents the true law for the dis- 
charge contracted sections. 

The above simply illustrates another method analyzing the results 
obtained and not intended criticism the author’s investi- 
gation. fact, brings out several characteristics the formulas 
which might have been overlooked had used the method mentioned. 

discussing the sharp edged contraction, the author shows very 
interesting relation between the d’Aubuisson and Weisbach formulas. 
this connection the writer wishes call attention the statement 
made the bottom page 742,* that all the particles below the tail- 
water level have the same velocity. This assumption used the 
development the Weisbach formula, but does not agree with 
observations velocities open channels either above, below, 
gate openings and contracted sections. 

The tendency velocities vertical section stream vary 
the ordinates curve more less parabolic elliptical form 
too well known discussed here. might noted, however, 
that the rate change velocity especially rapid near the bottom. 
The writer has measured velocities with current meter above open 
sluice-gate which showed maximum velocity approach approxi- 
mately twice the average, located considerably below mid-depth. The 
vertical velocity curve when plotted looked like ordinary velocity 
curve inverted. All the observations taken the several sections made 
showed the same conditions, and such “under tows” have been frequently 
observed. suggested that the words “theoretical velocity” would 
have given more accurate statement for the author’s 
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The author calls attention the fact that the coefficients for the 
discharge above and below the level the tail-water might different, 
instead being assumed the same the ordinary Weisbach 
formula, and further that the coefficient for the discharge below the 
level the tail-water the larger the case contracted sections, 
while for submerged weirs the larger coefficient applies the section 
above the tail-water level. That this difference due, least part, 
the effects contractions the sides and surface, explained 
the author, probably true. may also true that the depth 
the thread maximum velocity may influence these coefficients. 
certainly true that the maximum velocity and, therefore, the maximum 
discharge per unit depth nearer the surface above weir, than 
above submerged gate; and the discharge through contracted section 
very similar that through particularly submerged gate. 

The high values the coefficients for the discharge through both 
the short and the expanding flume are very noticeable and lead one 
think that the coefficients used practise are frequently too small. The 
author’s discussion the experiments these flumes most interest- 
ing, and his theories appear most reasonable and logical. They 
agree with some the writer’s observations and offer explanations for 
various phenomena for the first time, far the writer aware. 
case point discussed Appendix 

The writer has not devoted much study the phenomena flow 
through flumes and therefore unable discuss that part the paper 
would wish. The author’s paper one highly commended 
and sincerely hoped that will soon able continue and enlarge 
upon his investigations, which have added materially the knowledge 
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HENRY WILSON HODGE, Am. Soc. 


Diep DECEMBER 1919. 


When man passes into the next life, leaving behind him record 
high accomplishment, the World seeks for the causes that lifted him 
above the general level his fellows and doing gives first place 
those influences that play large part the moulding man’s 
character and the shaping his destiny—heritage and family tradi- 
tion, early training and environment, education, and the associations 
later years. 

the life Henry Wilson Hodge the effect these influences was 
manifest remarkable degree, cultivating the qualities that won 
for him lasting fame, not only brilliant engineer, but equal 
degree patriotic citizen, loyal friend, and fearless man broad 
humanities and lofty ideals which was ever ‘true. 

Henry Wilson Hodge was Washington, C., April 14th, 
1865—the day made memorable the assassination President Lin- 
coln—of long line American ancestry reaching back early 
Colonial times. 

His father, John Ledyard Hodge, great-grandson the first the 
line America, who came from Ireland about 1745, was born Phila- 
delphia, Pa., was graduated from Princeton, and removed Washington 
the time that his father, William Ledyard Hodge, was made Assistant 
Secretary the Treasury during the administration President 
Fillmore. The paternal grandmother Col. Hodge was Sarah Bayard, 
Philadelphia, whose grandfather, John Bayard, was leading man 
that city and Colonel Philadelphia regiment during the 
Revolutionary War served many actions and was personally com- 
plimented Gen. Washington for his gallantry the Battle 
Princeton. This John Bayard was great-grandson Peter Bayard, 
who came this country 1647 with his uncle, Peter Stuyvesant, the 
last Dutch Governor New Amsterdam. 

The mother Col. Hodge was Susan Savage Wilson, daughter 
Henry Parke Custis Wilson, Virginia, and sister the eminent 
surgeon that name Baltimore, Md. This family, which was 
Scotch-Irish extraction, settled America 1700 and was instru- 
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mental founding the first Presbyterian Church this country 
Rehoboth, Md. Mrs. Hodge was deeply religious woman noble 
character, and her son often remarked his friends that; raised 
was under Spartan conditions with surplus worldly possessions, 
was her teachings and example that owed the best his 
character, 

fact, hard imagine how Mr. Hodge could have been other- 
wise than man high principle, with such fine traditions, early 
training, and environment. 

Educated Young’s Private School Washington, his health, 
always delicate child, broke under the strain untiring study, 
and the age fifteen joined surveying party the Chesapeake 
and Ohio Railroad the mountains West Virginia, and 
chain for nearly two years. The experiences this rough outdoor life 
not only built his constitution, but they awakened him the ambi- 
tion become engineer. Acting this thought borrowed the 
necessary money through the kindness relative, and, 1882, 
entered Rensselaer Institute, from which was grad- 
uated 1885. 

Now fairly launched his life’s work, Mr. Hodge entered the 
service the Phenix Bridge Company, with which for six years, under 
the direction its Chief Engineer, the late Bonzano, Am. 
E., was successively Draftsman and Computer, Assistant Engineer 
and Resident Engineer, gaining through practical experience the broad 


which was reared his future success. Among the struc- 


tures with the design which was connected during this period was 
the Huntington Bridge Cincinnati, also had much 
with the planning and erection the Pecos Valley Viaduct the 
Southern Pacific Railway. 

1891 came important change his fortunes when accepted 
the position Chief Engineer the Union Iron Works, New York 
City, which city spent the remainder his life. 

About this time Mr. Hodge joined the University Place Presby- 
terian Church and shortly after became Elder and, later, one 
its Trustees, giving freely his time and substance cause which 
was always dear him. For nearly thirty years, was Superin- 
tendent the Sunday-school this Church, which attended with 
unfailing regularity and where exerted great influente over hun- 
dreds young people. 

Soon after coming New York City had joined the Seventh 
Regiment the National Guard. stranger the city, found his 
service Company real pleasure, and the friendships which 
made there were among the warmest his life. always regarded 
his old regiment with genuine affection. 
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important step his life came 1893 when his employment 
with the Union Iron Works was terminated, and ventured into the 
field the independent consulting For the ensuing two 
years Mr. Hodge did much important work, one instance which was 
the preparation standard plans bridges, lengths ranging from 
200 ft., for the 900-mile extensions the Choctaw, Oklahoma 
and Gulf Railroad, which Molitor, Am. E., was 
then Chief Engineer. 

1895 entered the employ the late Alfred Boller, Am. 
E., with whom four years later entered into partnership 
under the firm name Boller and Hodge, afterward changed, through 
the admission Howard Baird, Am. Soe. E., Boller, Hodge 
and Baird. Following the death Mr. Boller 1912, the firm name 
was changed Hodge and Baird. 

During this period quarter century the work for which 
Mr. Hodge was largely responsible covered wide field, embracing note- 
worthy structures many parts the world. Among these were the 
sightly Great Northern Railroad Bridge, Duluth, Minn.; the Choc- 
taw, Oklahoma and Gulf Railroad Bridge, Little Rock, Ark., the 
pleasing design which stands monument his instinct for good 
taste; all bridges for the National Railroad Company Mexico and 
for several South American companies, among which were the Brazil, 
Cerro Pasco, Bolivian Central, and Madeira-Mamoré Railways; all 
bridges for the Philippine Railways and Manila Railway; the Riverside 
Viaduct 96th Street and the Melrose Avenue Viaduet, New York 
City; the bridges over the Connecticut River Saybrook and East 
Haddam; and all bridges for the Wabash-Pittsburg Terminal Company, 
including the impressive cantilever that company over the 
Ohio and Monongahela Rivers, the latter having span 812 ft., 
which was the longest railroad span then existence with the exception 
the Forth Bridge. His crowning work was the great Municipal 
Bridge over the Mississippi River, Louis, Mo., which his initia- 
tive was notably displayed the use nickel steel for the main 
members the exceptionally long simple channel spans. 

advisory consulting capacity Mr. Hodge’s genius was 
utilized the Blackwell’s Island and Manhattan East River Bridges 
the City New York; the rehabilitation the elevated lines 
the Brooklyn Rapid Transit Company; the rebuilding the Quebec 
Bridge after the collapse the original structure; the Singer and 
Metropolitan Towers, New York City; and studies and investiga- 
tions for the proposed great interstate bridge over the North River 
New York City. was, the time his death, member the 
Board Consulting Engineers for the proposed vehicular tunnel under 
the North River, between Lower Manhattan and Jersey City, 
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not only this multitude examples his engineering skill 
that the professional work Mr. Hodge judged. Never 
seeking office, was with reluctance that consented, through sense 
duty and great personal sacrifice, accept place the Public 
Service Commission the New York District proffered him 
Governor Whitman January, 1916. His peculiar function Com- 
missioner was supervise the construction the great subway exten- 
sions then progress, well deal with many matters 
regulatory nature. this trying place revealed fearlessness and 
powers decision which won for him the renewed admiration his 
friends and the respect and support his the press, and 
the community large. His remarkable success Commissioner 
went far support the claim that the engineer character, experience, 
and administrative capacity ideally suited for high public office. 

The entry the United States into the World War brought 
ready response from Mr. Hodge, who sometime before had patriotically 
volunteered for and received commission the Engineer Officers’ 
Reserve Corps. Governor Whitman felt that the subway situation 
New York City was such that Mr. Hodge owed his first duty the 
State, but, later, withdrew his opposition and accepted the resig- 
nation Mr. Hodge, who sailed for France with the rank Major, 
July, 1917. 

this time until his discharge Col. Hodge rendered notable 
service his country, first charge the design railroad structures 
for the rapidly expanding transportation needs the Army France, 
then Manager Roads, and, finally, Assistant Chief Engineer 
the Army charge military bridges. He-was promoted the rank 
Lieutenant-Colonel October 26th, 1917, and Colonel August 
13th, 1918, and received his honorable discharge January 22d, 1919, 
soon after his return the United States. 

the months that followed Col. Hodge entered vigorously into 
the rebuilding his professional practice, but his friends noticed 
change for the worse his physical condition, beyond doubt brought 
about his experiences the Army. His sudden death, however, 
December 21st, 1919, came unexpected shock them. 

Col. Hodge was man commanding figure, tall and well propor- 
tioned, with features that reflected rare combination strength and 
kindliness. His manners were always courteous and marked with the 
frankness and sincerity that command confidence and respect. Humor 
unusual degree was inherent his nature and smoothed not only 
his own path through life but also the rugged roads his friends, who 
never looked him vain for warm sympathy and helpful advice. 
quote the words Tennyson was: 

“That tower strength 
Which stood four-square all the winds that blew.” 
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Mentally, spiritually, physically, truly was man mark, loved 
for his warm humanity and lofty ideals, admired for his commanding 
ability and strength purpose, and respected for his straight thinking, 
sterling integrity, and fidelity duty. 

Col. Hodge was married December 14th, 1897, Sarah Cunning- 
ham Mills, only child George Mills, Savannah, Ga., who survives 
him. 

was Trustee Rensselaer Polytechnic Institute, from which 

received the degree Doctor Engineering 1918, member 
the Council New York University, Director Princeton Theo- 
logical Seminary, and Director the American Church Paris. 
was also member the Board Foreign Missions the Presby- 
terian and the Board Managers the Knickerbocker 
Hospital New York City, and Governor “Chester Crest”, Mount 
Vernon, home for intemperate men. 
his profession, was member the American Institute 
Consulting Engineers, which was Past Director, the Canadian 
Society Civil Engineers and the Institution Civil Engineers 
Great Britain. was also Veteran the Seventh Regiment, and 
Secretary the Associates the Engineer Corps Company 
Seventh Regiment, National Guard, New York; member the 
Citizens’ Union New York City; and member the Chamber 
Commerce the State New York. His clubs were the Century, 
University, and Downtown New York City. 

Col. Hodge was elected Junior the American Society Civil 
Engineers January 5th, 1887, and Member October 2d, 1895. 
served Director the Society from 1913 1915, inclusive. 


ROBERT WINTHROP PRATT, Am. E.* 


Diep 1920. 


Robert Winthrop Pratt was born Deéember 23d, 1876, Brook- 
line, Mass. was descended from old New England families, his 
father—a descendant John Alden—being Robert Winthrop Pratt, 
and his mother, Grace (Kellogg), Pratt. 

Mr. Pratt’s early education was obtained the public schools 
Boston, while his technical education was acquired the Massachu- 


setts Institute Technology, from which was graduated Civil 
Engineer 1896. 
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After his graduation, Mr. Pratt began his practical engineering 
experience with the and Albany Railroad. After about year 
railroad work, left this field and started his career sanitary 
engineering Assistant Engineer with the Massachusetts State Board 
remained with the State Board Health for four years 
and then moved Ohio, where was engaged Chief Engineer 
the Ohio State Board Health, holding this position from 1903 
1911. During the early years his work Ohio, also supervised 
for the Federal Government the gauging stream flows Ohio 
streams. This work was well performed and has proved con- 
siderable value. 

During one year his connection with the Ohio Board Health, 
namely 1909-10, Mr. Pratt was given leave absence permit him 
visit Havana Consulting Engineer for the Cuban Government, 
connection with the design water supply and sewerage systems for 
several Cuban cities. 

October, 1911, Mr. Pratt left his position with the State Board 
Health and moved Cleveland, Ohio, where became Special 
Sanitary Engineer for the latter city, and where also began his pri- 
vate practice Consulting Sanitary Engineer. 

connection with his work Cleveland, directed the tests and 
investigations which were conducted preliminary designing the 
sewage disposal plants for the city. The early studies and general plans 
for the Cleveland Sewage Disposal System were also carried under 
Mr. Pratt’s general direction. During this same period, also acted 
Consulting Engineer for the Water Department, connection with 
the design the water filtration plant. 

Mr. Pratt’s professional life was exceedingly busy one, and many 
places Ohio and elsewhere are supplied with sewerage water sys- 
tems and with treatment plants built under his direction. had also 
prepared number important reports water and sewerage projects, 
which the preliminary studies and report the Toledo, Ohio, 
sewerage problem and his investigation, tests, and report the pro- 
posed filtration the water supply Detroit, Mich., may men- 
tioned special importance. 

The World War found Mr. Pratt particularly busy connection 
with engineering work for the Chillicothe Cantonment and with indus- 
trial housing developments. 

had prepared many printed reports connection with his Board 
Health work well descriptions work designed himself. 
was joint author the well-known book “Sewage Disposal”, 
Messrs. C.-E. Winslow, and Winthrop Pratt. 

Mr. Pratt had fine, pleasing personality and was most agreeable 
associate, socially and business. had faculty taking broad 
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view things which helped him wonderfully matters coming his 
attention. had high ideals engineering ethics which practiced 
himself and expected others observe. Through his untimely death, 
which was due pneumonia and occurred February 2d, 1920, after 
only week’s illness, the Engineering Profession loses valued mem- 
ber and his closer acquaintances true and faithful friend. 

June, 1903, was married Elizabeth Southwick, New York 
City, who, with family two sons and two daughters, survives him. 


Mr. Pratt was elected Member the American Society Civil 
Engineers June 6th, 1911. 
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REVISION 
THE NIAGARA RAILWAY ARCH BRIDGE 


PRESENTED JUNE 2D, 1920. 


The revision the Niagara Railway Arch Bridge made 1918-19, 
here described, comprised first complete investigation live loads 
for railway bridges, order determine the probable maximum loading 
for such terminal bridge—a double-track, two-hinged, 550-ft. arch 
over the Niagara Gorge. 1918 extensive series strain-gauge 
readings, the methods which are fully made. The 
dead load stresses were investigated jacking apart one top chord 
the arch span means special toggle, the center top chord dead 
load stress being read with the strain gauge. This resulted the 
jacking open both top chords 1919 change the center shims and 
readjust the stresses all members the arch trusses. 

The investigations the proper unit stresses adopt and the 
logical column formula use for the revision, are given some length. 
The strain-gauge investigation also determined the secondary stresses, 
and readings stresses made during the passage trains various 
speeds were made the basis formula for curve values for impact 
various speeds. The new Fuller-West strain gauge, developed 
result the investigations, described. 


papers are issued before the date set for presentation and discus- 
sion. Correspondence invited from those who cannot present the meeting, 
and may sent mail the Secretary. Discussion, either oral written, will 
published subsequent number Proceedings, and, when finally closed, the 
papers, with discussion full, will published Transactions. 
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The methods reinforcing the sway and floor system the arch 
span and the approaches, particularly the methods relieving dead 
load stress and doing the field work, and the construction copper- 
steel salt water protecting floor are described, also the method grade 
rectification, 

The method reinforeement abutment years old given 
some detail, well armored coatings the arch skewbacks 
protect them from weathering, and skewback thrust walls carry the 
sway stresses bed-rock. Brief descriptions are given the improve- 
ments made the bridge entrances, and other bridge property acces- 
sories, The paper whole covers the work revising the structure 
modern less than one-third the cost new structure. 

The Niagara Railway Arch Bridge (Fig. was constructed 
1896-97 from the plans the late Buck, Am. E., 
take the place the Roebling Railway Suspension Bridge, and has 
already been described for the Society.* The history the various 
bridges which had occupied this site quite fully given, that 
them will repeated here; but desirable for the 
full understanding this paper show briefly the evolution which 
took place from the first suspension bridge built 1847-48, 

The first bridge was built wire cables, with stiffening trusses, 
carrying single 7-ft. roadway. That disaster occurred due the 
heavy winds and down the Gorge may considered miraculous, 
such disaster did befall the Wheeling Suspension Bridge, which 
was built the same engineer, Charles Ellet, whose fame resulted 
from his work the development long-span suspension bridges. 
Doubtless the study the faults this very primitive bridge over 
the Niagara Gorge led the late John Roebling, Am. Soe. E., 
plan the railway suspension bridge with heavy stiffening trusses, and 
with guys to.the cliffs well. 

That there was much competition between the suspension type and 
the tubular continuous girder, evidenced the remark Mr. 
Roebling’s final report the effect that “as regards the success 
your work more has been accomplished than was promised. The idea 


perfectly rigid structure, such tubular bridge, was never held 


Transactions, Am. Soc. E., Vol. (1898), 125. 
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The design for tubular continuous girder bridge for. this site was 
made 1850, James Hodges. This shown Fig. and 
undoubtedly one the most pleasing, artistic and chaste designs ever 
made for bridge with wholly rectangular lines. are also led 
wonder would not, with some reinforcement, have been use 
nearly the present, had been built instead the suspension 
type. The reason for its not having been adopted, may inferred 
from Mr. Roebling’s remark just quoted, was due almost entirely 
the question cost. There may also some question whether 
such heavy stone piers would long have stood close the water’s 
edge, especially view the fact side slopes under water 
have scoured out much ft. near this site,-during the last 
twenty years. 

The statement may safely made, however, that engineer 
were considering the various phases the problem bridging the 
Gorge this site to-day, the quest would soon narrow the three-span 
continuous truss and two-hinged arch such now use, with 
the modification, however, its being constructed three-hinged 
arch under dead load. The latter feature governed very largely the 
course the writer’s investigations during the summer and fall 
1918, looking toward increasing the carrying capacity the arch 
structure. 

The stiffened suspension bridge would now only considered for 
railway use where the span was very long, where the ratio dead 
load live load would approximate 1.8 There is, 
however, every probability that steel becomes increasingly costly, 
the minimum span for suspension bridges for carrying railways will 
again gradually approach 1000 ft. 

The process evolution Niagara shows also the progress from 
wood stone and steel, and, later, reinforced concrete and steel. 
The towers the first suspension bridge were wood, and although 
advance was made using stone towers for the railway suspension 
bridge 1856, still further advance was made replacing the stone 
towers, which had become badly cracked and shattered, with steel ones 
in. 1886. The use stiffening trusses the railway suspension 
bridge was advance, but they were wood, and were 
later replaced with steel trusses. Both the towers and stiffening trusses 
were replaced under the supervision Mr. Buck, and fully 
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described for the Society.* The work carried out during 1919 
the arch, under the writer’s direction, marked still further replace- 
ment wood with steel, and the substitution steel reinforced 
concrete for some the stonework. 

The writer was first called June, 1918, make merely 
the regular annual inspection the bridge, and was supposed 
confined the need for ordinary repairs, such riveting and 
painting. However, there was found very serious corrosion 
the top flanges the floor-beams, stringers, and stringer laterals 
the spans, and the top flanges and laterals the six approach girder 
spans, from the salt water dripping from refrigerator cars, and from 
leakage water and injector discharge from locomotives. The studies 
made developing plans for repairing this damage, where metal 
originally in. thickness was corroded some cases thickness 
only in., soon demonstrated that the loads passing over 
the double-track railway deck were from 70% heavier than those 
for which the structure was designed. 

Instructions were thereupon given proceed with thorough 
analytical study and strain-gauge analysis the entire bridge. This 
was considered necessary the writer account the 550-ft. 
arch span being indeterminate type structure; account the 
large secondary stresses that was apparent were induced from many 
the details; and from desire fix definitely the amount impact. 


The first problem, therefore, was study the past and probable future 
increase live loads, 


Live 


The trains crossing the Suspension Bridge the time its com- 
pletion 1855 were light somewhat amusing comparison 
with present-day trains, but they were serious problem the engi- 
neer that period. his final report, Mr. Roebling speaks 
passenger trains 15-ton cars frequently passing over the bridge, and 
the average number trips March, 1855, being more than 
probably including freight trains well passenger trains. 

The loads used Mr. Roebling testing the Suspension Bridge 
are referred his report several paragraphs follows: 


Transactions, Am. Soc. Vol. (1881), 195. 
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“An engine and tender tons weight, together with one pas- 
senger car, crowded with persons, making total about tons, 

single engine tons weight, including tender, caused 

“On the last mentioned day (March 18th, 1855) the railroad floor 
was opened for business passing experimental freight train, 
composed full loaded cars, pushed 26-ton engine, from the 
Canada the New York depot. The gross weight was estimated 
326 tons.” 


This indicates that the total weight each car, with load, was only 
tons. Other tests were made with 22-ton American engine and 
34-ton, six-driver, English built, freight engine. The locomotives used 
the trains Mr. Buck, testing the Arch Bridge 
July 29th, 1897, weighed tons each, the cars 52.5 tons each, and the 
total test load the 550-ft. arch span was 1670 short tons. The 
engines used the writer for load tests and deflection tests August 
30th and 31st, 1918, weighed from 177 221 tons each, and the test 
load the 550-ft. arch span was 490 short tons, 

The diagram, Fig. shows the lower curve the average increase 
the total weight locomptives short tons for this locality from 
1850 1918. This curve was established from the weights locomo- 
tives passing over the Niagara bridges during this period and filled 
locomotives used the writer calculating bridge stresses 
the same territory from 1887 1918. agrees quite closely with the 
one established Greiner, Am. E., from the records 
the Baltimore and Ohio Railway. The curve extended 1940 indi- 
cates that the total weight locomotives that time might reach 
365 tons, the same rate increase maintained; but owing 
mechanical limitations well known locomotive builders, such 
lack space for much larger cylinders, seems more probable that the 
1940 limit for consolidation locomotives will not exceed 
300 tons, indicated the dotted reverse curve. The total weight 
the various Cooper locomotives has been located.on the curve, 
means general comparison. The investigation developed the 
fact, which doubtless more less appreciated all railway and 
bridge engineers, that the Cooper loadings are out date and should 
longer used for calculating bridge stresses. The Cooper E-65 
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locomotive (and all others) only ft. length, whereas the Grand 
Trunk Mikado locomotives used the tests 1918 the arch 
weighed 221 tons, practically the same the E-65, but were ft. 
long over all. 


500 


* 


LOCOMOTIVE AND TRAIN LOADS. 


300 


200 


Locomotive Weights Tons, 
Pounds per 


100 Cooper Loadings:are located 
curve simply show relative 


The peculiar use the Niagara Arch terminal bridge, con- 
nection between the Canadian and American yards, makes unnec- 
essary provide for heavy locomotives would used 
main-line structure, that Cooper’s E-60 adopted for the arch 
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and the truss spans reaching the shores, will undoubtedly the 
maximum absolutely required 1940; but make structure 
uniform strength for modern locomotives was necessary use 
Cooper’s E-70 loading for the stringers and floor-beams the spans 
and the approach girders, spans from ft. length. 
Then, stopping traffic any time one track, will possible 
pass heavy loads locomotives slowly over the other track, about 
E-80 loading its equivalent. 

The logical procedure for new bridges, however, seems 
abandon the Cooper loading entirely and adopt table moments (and 
one end shears correspond) similar that given Column 
(F) Table This was established taking the maximum moment 
from Columns and for each span length, Columns and 
being the moments from the heaviest existing locomotives and trains, 
the New York Central Railroad. This indicates that for logical 
application the old Cooper loadings, E-70 should used for spans 
from ft., E-80 for spans from 100 ft., and E-60 for 
spans from 100 300 ft. and over. Should desired provide for 
future increase, advisable, then percentage must added 
the values Column logically 25% the present time, and 
these values plotted, then smooth curve established comprising them, 
and the moments tabulated for each span length from 300 ft. 

The values for moments Column (10) Table and Fig. 
would greater than for E-90 loading about span length 
120 ft., and for spans greater than 120 ft. the moments would 
less than for E-90 loading. Some the large railway lines are already 
planning use similar scheme, and confidently expected that 
some such method will universal use within few years. 

The adoption maximum loading such this, and approxi- 
mating E-90, course, calls for more logical system unit stresses, 
and not less than those used the Niagara Arch revision, such are 
explained later section this paper. They agree well with the 
unit stresses used for the Hell Gate Arch and the Quebec Cantilever. 
The table would show the relation the Cooper loads, and they could 
still used reference standard for spans calculated for them. 

The actual train loads for the same period are shown Fig. 
Curve (b), and the assumed train loads Curve (c). These curves 
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= 
Moments Thousands Foot-Pounds. 
2-10-10-2 2-10-2 2-8-8-2 2-10-2 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
121 115 120 160 180 122 220 
189 197* 184 188 250 281 197 
679 610 616 821 924 714 150 
= q 
300 500 600 021 600* 000+ 167 884 500 600 500 
Maximum eight heaviest trains. maximum each train. 
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indicate that the following, train loads, with each the Cooper 
loadings E-60, E-70, and E-80, are too high and that Cooper’s loading 
used for the future, the train load for E-60 should 500 
per lin. ft., for E-70 only per lin. ft., and for E-80 only 500 
lb. per lin. ft. The weight per linear foot Cooper locomotives 
shown Curve (d) for the purpose general comparison. 


The careful study all traffic using the Niagara Arch Bridge, and 


especially that passing over during the months that the tests were 
progress 1918, indicated that, for both tracks loaded, 90% 
E-60 should used the arch, but 100% the trusses 115-ft. span. 


DEFLECTION. 


The deflection the Roebling Suspension Bridge was very large, 
amounting in. under light load tons total for one loco- 
motive and one passenger car. This always necessitated the slow 
speed miles per hour, and the trains increased weight greatly 
1896, the deflection became alarming, amounting about in. 
The Schneider Cantilever Bridge near had deflection under the 
original test load about The new arch built 1896-97 was 
tested therefore only for the deflection under the test load alter- 
nating engines and cars weighing total tons, and maximum 


vertical in. resulted. The calculated deflection for 


the full load both decks 000 Ib. per lin. ft. was This 
_was for total load the arch span tons, while the load 
tons used the writer August 30th and 1918, caused 
maximum deflection in., increase effective loading 
84.5% above the 1897 test load used Mr. Buck. 

The sidewise deflection the Suspension Bridge was excessive 
require the use stay cables the cliffs, and although under 
the proportionately light loads 1897 the arch was comparatively stiff 
sidewise, the loads had increased greatly 1918, with speeds 


allowed sufferance miles per hour, that the side sway 


had become somewhat alarming amount. The writer, therefore, 


reduced the maximum speed miles per hour July, 1918, and 
new sway bracing was introduced, will described later, that has 
practically removed all sidewise deflection. 
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When the inspection 1918 was undertaken the impact the 
structure was apparently very excessive, and was composed various 
factors, such direct impact from the excessive speeds, hammering 
open rail joints, bad track alignment, flat wheels, and various kinds 
vibration. The impact readings made with strain gauges therefore 
covered all elements train load outside the merely static effect. The 
readings were made with the Berry strain gauge and the curves 
increase due speeds 10, 15, 20, and miles per hour are shown 
solid lines Fig. These readings indicated that probably the 
critical speed for the structure was the neighborhood miles 
per hour, which speed the impact practically agreed with that derived 
from the old Schneider formula: 

300 

300 

However, readings were made higher speeds, can only 
stated that miles per hour the impact agreed with that derived 
from the Schneider formula; but means certain that 
some point higher speed values great those given the 
Lindenthal formula would not reached. 

The values impact are given Table which the stress 
sheet for the structure rebuilt. The impact stresses have been com- 
puted three different formulas—the Schneider formula, the Linden- 
thal formula, and the proposed new American Railway Engineering 
Association formula; and also for the values adopted for the structure 
(column headed Niagara Table 5), based the strain-gauge 
readings, which are for miles per hour, practically 50% the 
Schneider values. The formulas referred are follows: 


Schneider, 
Lindenthal, 
300 


Fowler, 
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Impact 
Niagara Arch 
Various Speeds 

LEGEND 
Point 


Speed, Miles Per Hour 
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which, 
percentage impact for any speed below that 
live load stress; 
dead load stress; 

loaded length; 

speed, miles per hour, for reduction; 

speed, miles per hour, for ‘strain-gauge reading; 

locomotive weight; 

train load per linear foot; 

length train behind tender. 


— 


Although the readings made the writer were not great number, 
they were harmonious make possible establish safe 
curve for the variation impact due variations speed below the 
critical point that speed giving maximum impact. This curve 
shown the dotted line Fig. and the formula that given 
with the denominator J,, and for which may substituted the values 
derived from either desired use another than the 
Schneider formula for obtaining maximum 

When used for some other structure, check readings should made 
for the particular case several speeds, and the coefficient 
definitely fixed. The actual running speed over the structure should 
course established some maximum limit, somewhat below the 
speed used for fixing impact values for the stress sheet. 

Whatever impact formula used, should certainly one which 
gives values high enough cover well all the factors ignorance 
stresses, and thus permit confidence the logical use proper 
maximum unit stresses. With such idea view, the impact values 
given the Lindenthal formula for the arch not seem very 
excessive for high speed. 

The question impact from the highway live load was carefully 
considered, and owing the fact that the highway deck carries 
street cars, and that the maximum highway live load pro- 
portion the train load adopted, impact allowance was made for 
this part the moving load. When still further additions are made 
the structure and street cars provided for, then impact allow- 
ance will made the street car live load, and also addi- 
tional future loading that may highly dynamic character. 


AY 
| 
. 


REVISION NIAGARA RAILWAY ARCH BRIDGE 


UNIT STRESSES FOR SECONDARIES 


+1900 


SIDE VIEWS 
Tnside 
—1200 
TOP VIEWS 


~ 


POST 


DIAG, 


(b) LOAD 


Ue — 1200 


1300 

Ug U2 


POST DIAG. 


UNIT STRESSES FOR SECONDARIES 


(c) LOAD 


SIDE VIEWS 


1100 
— 200 
TOP VIEWS 


POST 


DIAG, L- 
7 


SECONDARY STRESSES, NIAGARA ARCH. 
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insure that the railway speeds over the bridge shall not exceed 
the maximum miles per hour, Bristol speed recorder, similar 
that installed for the Pennsylvania Tunnels New York City, has 
been provided. 


The general inspection the Niagara Arch indicated that there 
were comparatively large secondary stresses. The smallest increment 
stress this kind was due the weights the members them- 
selves, and another comparatively small amount was caused the 
main hinge rollers being locked against proper action. The largest 
increments were from the distortion the arch span under moving 
trains and partial live loads, from the curved sway brackets between 
the upper and lower floor-beams connecting the main posts, and 
from the knee-braces connecting the girders and posts 
the approach viaducts. 

Strain-gauge measurements were made for secondary stresses, with 
8-in. Berry instruments, and points placed near the main gussets 
and also other points where judgment indicated maximum values. 
The character and extent the secondary stresses the main posts 
and curved brackets the arch span, are shown Fig. (a) (d). 
One the greatest variations unit stress shown Fig. (b), 
where was lb. the outside Post L,, 4800 lb. the 
inside the post, and 900 lb. the flange the curved bracket. 

The fact will also noted from these diagrams that all the top 
chords have secondary stresses both vertical and horizontal planes. 
Secondary stress the horizontal planes was always the same char- 
acter, and analysis this was found the writer due the 
acting the extreme end the heavy main gussets, and induced 
the bending from the curved brackets. The great secondary stresses 
induced these curved brackets, however, was only one the reasons 
calling for their reinforcement. 

The secondary stresses the posts the 115-ft. spans and the 
viaduct posts were provided for the reinforcing angles which were 
added these members increase the sectional area for the direct 
compression stress due the new live load capacity the structure. 
These angles were required for giving large radius gyration 
possible the members; but, providing for the secondary stresses, 
the angles required short outstanding legs possible in’ order 
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keep down the fiber stress. The method adding these angles 
described under the head practical strain-gauge applications. 

The secondary stresses were not for the main arch mem- 
bers, but were compared with the plotted curves the secondary 
stresses calculated for the Hell Gate Arch, similar type struc- 
ture. Diagrams, four number, similar Fig. were prepared for 
the top chords, the bottom chords, the vertical posts, and the diagonals. 
each these four sheets, the secondary stresses read the strain 
gauges upon the Niagara Arch were plotted, and curve was estab- 
lished similar the combined dead and live load curve for the Hell 
Gate Arch. The panel lengths the Niagara Arch were laid off 
the same scale that used for the Hell Gate Arch, the bottom the 
diagram, thus making possible compare directly the percentage 
secondary stress for each member each panel the Niagara Arch. 
The probable error any case indicated being the safe side, 
and for all practical purposes the resulting secondary stresses entered 
the stress sheet may considered within the possible error the 
Niagara strain-gauge readings, within per cent. One feature 
must carefully considered applying secondary stresses such 
these, that is, that they usually reach maximum near the panel points, 
and are not necessarily co-existent with maximum compressive stress 
due the flexure long column. 

The general results the strain-gauge readings seem indicate 
that the stress built tension members greatest toward the 
center and the stress built compression members least toward the 
center the section, which emphasizes the method used the compres- 
sion members the Hell Gate Arch make them take stress the 
center first, and distribute the outsides flanges. 

The fact also demonstrated that there better distribution 
under heavy stress, than for light stresses, and this was emphasized 
many the readings the Niagara Cantilever. 

The distribution stress the eye-bar chords the Niagara 
Cantilever was determined reading with the Berry strain gauge 
and was found better under heavy total stress than with light 
total stress. Table illustrates this for the light loads and and 
the heavy load the top chord U,, composed fourteen eye- 
bars. The load consisted one 188-ton locomotive followed 
twenty cars weighing 2740 per lin. ft., with only the train load 
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SECONDARY STRESSES 
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the bridge; while Load was the same train, with the locomotive 
the suspended span and the train covering the cantilever and anchor 
arms. Load was 167-ton locomotive and six loaded-cars weighing 
practically the same for Loads and but with the locomotive 
the suspended span and the train load the cantilever arm and 
suspended span, located give maximum stresses the bars 
U,, which was the tower panel the top chord. The unit 
stresses for Loads and ranged from 300 1300 per in., 
with average 700. The unit stresses for Load ranged only 
from 3300 lb. per sq. in., with average 800. 


TABLE CANTILEVER Truss. 
Unit Stresses Top Chord U,, Read with Berry Strain Gauge. 


careful study the distribution stress over the cross-section 
either compression tension members shows how little the sup- 
posed perfection our designs realized practice, both cor- 
rectness stresses and distribution. The stress measurements made 
the same time another structure, where the stringers rested 
top the floor-beams and were supposed slide, disclosed the fact 
that one angle floor-beam flange was undergoing compression, 
while the other was tension. The results obtained the Niagara 
Arch were utilized only the extent necessary for the re-designing 
the structure, but seems certain that comprised within the 
readings made there are the germs for many rectifications the 
hoped that the results this work will form the basis for future 
extensive readings this arch. 
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The test loads used Mr. Roebling the Suspension Bridge 
1855 have already been described, and from this 326-ton total load 
the 1670-ton load used Mr. Buck the arch span great 
advance was marked. The 90-ton locomotives and 52.5-ton cars used 
make the test load, however, indicated that the assumed live 
load used designing the new arch bridge was not taken heavy enough, 
and nothing less than Cooper’s E-40 should have been adopted was 
presumably being used some roads about this time. 

When trains were assembled for the 1918 strain-gauge readings, 
difficulty was found getting locomotives and cars nearly heavy 
E-50 loading, and particular trouble would have been experienced 
assembling trains fully equal heavier than E-50. The test 
trains, used over period nearly two months, were twenty-five 
number and varied average weight from 250 lb. per lin. ft. 
The weight the cars alone varied from 840 4320 lb. per lin. ft. 
Many cars passing over the bridge indicated also that train load 
000 per lin. ft. could easily assembled, and would considerably 
exceeded actual trains before many years. 

The test trains were located the bridge during the strain-gauge 
readings, indicated the typical diagram, Fig. The locations 
corresponded closely positions for maximum stress various mem- 
bers, determined from study the influence diagrams. The length 
the trains was also determined for giving maximum stresses for 
various members, the locations fixed for the trains. The shorter 
trains consisted one locomotive and four cars; the second one 
locomotive and seven the third two locomotives and seven 
the fourth one locomotive and sixteen cars; and the longest 
two locomotives with fourteen cars. The locomotives ranged 
weight from 177 tons and ft. in. long, 220.9 tons and ft. 
in. long. The locomotive likely cross the arch shown 
Fig. The cars were mainly steel hopper-bottom gondolas, ft. 
in. long, weighing empty about tons, and loaded about tons. 
There were few larger cars, ft. in. long, weighing empty about 
tons, and loaded about 100 tons. The trains used during the entire 
two months, however, were extremely uniform character, thus 
tending great uniformity the strain-gauge readings and increased 
accuracy. Practically change was found the strain-gauge read- 
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ings the arch members whether the 
first, second, third driver was located 


panel point. 


The greater, part the work 
measuring stresses was done the use 
the well-known Berry strain gauge, 
using the 8-in. gauge for secondary 
stress work, and the 20-in. gauge for 
primary stresses. These instruments (Fig. 
10) have the side strips made “Invar” 
metal, the coefficient expansion 
which only about one-twenty-eighth 
that carbon steel, and the handling 
during use does not seriously affect the 
accuracy the readings. One end has 
fixed conical steel point, and the other 
end movable conical steel point at- 
tached bell-crank lever. The long 
arm this attached the spindle 
Ames gauge dial, and the lever 
has multiplication five times, that 
while readings are made directly 
0.0002 in., they may estimated 
0.00002 in. 

All the instruments were carefully 
calibrated determine their error, 


the use standard micrometer 


and all three Berry instruments were 
found read slightly high, one 3%, one 
34%, and the greatest error was 
the third gauge. These errors were 
course constant, and they were far 
within the degree accuracy desired, 
correction for this has been made the 
given the tables. 

The Howard gauge (Fig. 10) used 
the Hell Gate Bridge was kindly 
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loaned Gustav Lindenthal, Am. E., for the purpose 
making some comparative readings determine the respective 
accuracy the Berry, the Howard, and the Fuller-West instrument 
described the following paragraph. The Howard gauge has one 
fixed and one movable conical steel point, the movable one having 
horizontal sliding movement and being attached rod sliding the 
tube which the fixed point. The distance between the two 
points read micrometer contact screw the end the tube 
next the movable point, and reads 0.0001 in. There are two 
milled heads with spring ratchet between them, which slips where 
contact made. The inside milled head may used, the operator 
depending the sense touch for the contact, the ratchet outside 
head may used. This instrument, not being made Invar metal, 
covered with leather for protection from heat handling. 

The Howard gauge obviously cannot used except for static load 
readings, and while the Berry instrument was used with moving loads 
and for impact readings, the excessive vibration the needle the 
Ames dial made difficult for the observer get accurate readings 
the maximum stress all times, and, therefore, many check read- 
ings were required. This led Professor Fuller investigation 
the “Last Word” dial made Cleveland, Ohio, and the construc- 
tion much more reliable instrument, using this dial, Mechanician 
West Lafayette College, embodying Professor Fuller’s ideas and some 


suggestions from the writer. This instrument, called the 


shown Fig. (the two lower figures), and provided with fibroid 


handles obviate trouble from change temperature handling. 


The joint the movable point lever double cone pivot and much 
more accurate readings moving load stresses can made, and for 
static stresses has been found more accurate than the Berry. 
or, other words, where from eight ten readings were made 
point with the Berry, less number and one check reading with the 
Fuller-West instrument gave just reliable results. 

The accessory instruments are practically the same all cases, 
only those used the Niagara Arch readings and for the stress read- 
ings made the writer and his assistants the Michigan Central 
Niagara Cantilever, will briefly described, those for the Howard 
instrument having been fully described the paper Stein- 
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GAUGES. 


20-IN. GAUGE. 

20-IN. GAUGE. 
3.—-FULLER-WEST 20-IN. GAUGE. 
4.—FULLER-WEsT GAUGE, TOP VIEW. 
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man, Am. Soe. E., entitled “Stress Measurements the Hell 
Gate Arch 

Standard bars were made from pieces gas pipe, 
long enough allow caps screwed the ends and not interfere 
with the gauge points in. apart. The caps were screwed tight 
and were then ground down flat one side give flat base rest 
upon. the center each slot was cut the opposite side and 
thermometer placed inside where could easily read. These 
standard bars were marked and 

making observations reading with the gauge was made the 
standard bar, group points members read, and then check 
reading was made the standard bar. The thermometer was read 
and recorded each time the standard bar was read. 

Corrections for were made from readings 
special Fahrenheit thermometers which had been com- 
parison with standard laboratory thermometer. The thermometers, 
twelve number, were fastened close contact members the 
bridge and the bulbs bedded putty protect them from the air. 
The locations were changed the work progressed. was not con- 
sidered necessary have thermometer each bar member when 
was being read for stress, but the temperatures were read the 
same hour for members similarly located. Very large differences, 
27°, were found opposite sides member—in the sun away 
from it. The corrections for temperature were made taking the 
coefficient expansion the steel the bridge 0.0000065. All the 
thermometers were kept the 


Stress. 


The members read for stress are shown the heavy lines Fig. 11. 
The members the northeast quarter the arch, down stream the 
American end, were read most extensively, that was more shaded 
from the sun. Members the other quarters the arch were read 
sufficient number give check this northeast quarter. 

Gauge were located the upper part the arch 
easily reached from the highway deck, and means low 
staging ladders. The points for stress were located near 
the main top gussets and large enough numbers obtain results 
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for both longitudinal and transverse secondary stresses. Points were 
located Post two elevations below the highway deck, and 
for the arched chord they were located inside the chord members. The 
location the temporary and permanent gauge points was recorded 
tabular form. 

Spots about in. diameter were cleaned paint and rust and 
placed either in. in. apart needed. The holes for the 
were drilled with Yankee drill about in. deep, and 
with No. drill. The burr was removed flat-angle countersink 
and finished rubbing with center punch. One hole each pair 
was finished before the other was marked, using bar with center 
punches spaced in. apart. The holes were protected when not 
use filling them with vaseline. 


‘ 8 


Center Line 


Heavy Lines indicate members which 


stress measurements were made. 


NIAGARA ARCH WHICH STRAIN GAUGES WERE APPLIED. 

Permanent Gauge were placed members, indi- 
cated list the Company files, that readings such members 
could checked for different loadings any future time. These 
points were set the bottom holes in. deep, which were 
tapped and provided with cap-screws having lead washer under the 


heads. The holes were filled with vaseline before the cap-screws were 
put place. 


Modulus Elasticity—The modulus the steel the bridge 
the basis which the strain-gauge readings have been reduced, and 
this undoubtedly 29000000 per sq. in. The character the 
material was specified steel having strength from 000 
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000 Ib. per sq. in. and elastic limit least 000 per sq. in. 
should noted, however, that the steel was really only 
elastic limit, the value determined the drop the beam the 
testing machine was what now termed the yield point, and 000 
has been used the real value the elastic limit. 

The original tests the material were obtained the writer from 
Ferris and Company, the original inspectors the steel 1896 and 
1897. These tests show the yield point specified for the elastic 
and, therefore, the elastic limit used determining the proper 
load put the arch and approaches, has been taken 30000 Ib. 

The stress measurements readings were recorded after the manner 
shown the typical sheet, Table the first column, headed “Load”, 
represents the static train load, and the letters refer the standard 


TABLE 
Dead and Live Load Averages, Dial Units. 


TEMPERATURE. 
Stand- 
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trains indicated Fig. the details each train being recorded 
record “Test Loads”. The date the readings given 
the second column, and the exact hour the third column. This 
enabled exact co-ordination temperatures taken from sheets sitailar 
Fig. 12. The first the three columns headed “Temperature” 
gives the reading the thermometers the standard bars. Two 
standard bars were needed, one for each observation crew, 
were standardized one with the other, that readings could com- 
pared, and with duplicate bars kept the fireproof vault, that 
case loss they could replaced. The second temperature column 
headed “Arch” contains the temperature reduced from large 
number thermometers various places the structure, and rep- 
resents the values used making corrections for temperature stresses. 
The third temperature column gives that the member read, and was 


Temperature, Degrees 


a 
o 


determined from thermometers fastened directly the member 
one adjacent. 

The results the numbered columns are the strain-gauge dial 
units for the corresponding numbered point the cross-section the 
member Table The figures given are the averages all the 
readings for that point, which were always two more independent 
readings. Two temperature corrections were made for some them, 
one, where there was difference between the temperature the 
member and the standard bar, and the other due the temperature 
stresses the arch. The large figures are the corrected ones, and the 
small ones the originals, thus making possible check the tempera- 
ture corrections any time. 

The tables live load stress measurements, Table being typical, 
give the deformations dial units which are direct deductions from 


12. 
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the dead and live load averages, and the stresses pounds per square 
inch which have been computed from the deformations. average 
all the unit stresses one member has been made and the area 
given, thus making possible readily determine the total stress the 
member. 

About 400 gauge points were read the members shown heavy 
lines Fig. 11, and upward 5000 individual and check readings 
made establish the unit stresses. The readings were made the 
cooler hours each day far this was possible, but careful records 
the temperatures were made noted, and kept some fifty diagrams 
similar Fig. 12. 

The comparisons made calculating the stresses for certain mem- 
bers due the test train used the location for maximum stress, 
indicated that the results obtained the strain-gauge readings were 
error only from per cent. This, course, would not true 
for members having very low unit stresses, the unit stress must 
considerable amount obtain accurate result with the strain 
gauge; or, other words, the error the strain gauge largely fixed 
amount, and would, therefore, increase percentage the smaller 
the unit stress. 

The practical uses for the strain gauge actual construction 
maintenance work bridges were found many. Pending the 
substitution stiff sway bracing instead the rods the 550-ft. 
arch span, was necessary carefully adjust all them, some 
number, previous the fall and winter 1918; the former most 
careful adjustments careful judgment were found have put very 
little initial tension into some the rods and too much into others. 
Some were found with 000 000 per sq. in., practically 
the limit the bars, which were iron. They were all 
adjustéd with the use the strain gauge for initial stress 
per sq. in. 

The the segmental hinge rollers the main arch 
the skewbacks was slight not discernible the eye, but 
establishing gauge points, one the upper steel casting and one the 
lower, was possible detect movements with the strain gauge, due 
moving trains, from in., and readings various tempera- 
tures established the total movement for extremes temperature and 
loadings practically in. This quite small and extends over 
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entire year, that fear now entertained the rollers creeping, 
and although this has been corroborated careful inspection extend- 
ing over year and half, such rollers should have gearing similar 
that used the Ohio River Beaver Bridge. The addition such 
gearing was first contemplated Niagara, but hook indicators were 
attached the side plates, which have clearance in. from the 
castings 50° Fahr., and any creeping occurs can 
readily detected. 

The reading the dead load stress the center top chord, U,, 
the arch span was accomplished 1918 the strain gauge, and 
using heavy toggle described subsequently; and this toggle was 
improved and duplicated for changing the center shims 1919, there 
was the toggle slabs and screws for other adjustments neces- 
sary the reinforcement the members. The method 
ing the intermediate and shore end posts the 115-ft. approach 
spans, contemplated the placing expensive falsework down the 
rock banks the Gorge, relieve the posts dead load while the 
reinforcing angles were being riveted the old members. With 
A-toggle (Figs. and 14), abutting the reinforced shelf the 
bottom each post and steel blocks distribute the pressure over 
the flange the top chord, the dead load the posts was relieved 
the toggle until strain-gauge readings showed the posts 
free. This required from four five dial units the strain gauge. 
The toggle, when trains crossed, carried also portion the live load 
from the opposite track, only two toggles were used time and 
placed the posts the trusses adjacent the abandoned track. The 
fitting bolts had loosened before the toggles were tightened, 
and drawn again just before riveting began, give proper adjust- 
ment. 

The eight counters the 115-ft. spans were replaced with 
U-counters having double the section, and the new rods were set with 
the strain gauge have initial tension about per in. 

The greatest value the strain gauge the practical work the 
arch revision was, course, the checking the actual dead load 
stresses, which, account the introduction the adjusting shims, 
did not agree with the theoretical stresses; accurate checking the 
distribution stress over the cross-section built tension and com- 
pression members; the checking secondary stress; and the effect 
impact varying speeds. 
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Unit 


The fact has been recognized for some time that for heavy, special, 
and long-span bridges, the Profession longer warranted using 
the low values for unit stresses that are prevalent for less important 
shorter spans which the secondary stress and closely accurate impact 
stresses have not been calculated determined. Some authorities 
believe that where all stresses have been taken into account, unit 
stresses closely approaching the elastic limit should used, with 
loading that quite sure not exceeded during the life the 
structure, such Cooper’s E-90 loading one similar the com- 
posite loading proposed this paper. 

The fact remains, however, that there are still some uncertainties 
the uniformity the elastic limit and the ultimate strength 
materials, they steel steel alloys, the exact amount 
allowed for impact and vibration and the distribution stress 
over cross-section the members, stress transmission means 
pin and riveted joints. Therefore, for the Niagara Arch revision, 
after determining the minimum value the limit the steel 
shown the somewhat extensive original thereof, was 


-decided adopt unit stresses that are practically two-thirds the 


elastic limit 30000 per sq. in., follows: 


Tension 
Built truss members........... 20000 Ib. per sq. in. 
Shearing 
Bearing 
Rivets and pins............. 
Compression 
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Compression units for built chords and posts, were taken from dia- 
grams, similar Fig. 15, using each case the curves for elastic 
limit 30000 while curves for nickel steel were established for 
use future extensions the bridge, where such material might 
these curves were established plotting the values for 
column unit stresses given Mr. Lindenthal, the specifications 
for the Hell Gate Arch, and then drawing the smooth curve which 
closely averaged them. The formula: 


represents closely one these curves shown Fig. and the 


HALF OPEN 
CARBON STEEL 


HELL GATE ARCH 


Least Radius Gyration 


15. 


top Plate VIII, the maximum limit being fixed 20000 per sq. 


in. and the maximum value 135. 


The formula originally proposed for the Quebec Cantilever when 
all stresses, including secondaries and impact, were included was: 


shown Plate VIII, which also shows the plotting most the 
principal column formulas, and which was made the basis the adop- 
tion the formula used for the Niagara work. The greatest number 
these, fact all those that are general use, lie zone bounded 
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Hovey, Am. Soc. E., the tests columns made under the 
direction the Special Committee Steel Columns and Struts 
the Society, shows that the ultimate strength the light and heavy 
sections tested represented the respective formulas: 


These are plotted Plate VIII for safety factor and would indi- 
that all the present column formulas reduce unit stresses too 


fast for large values and that for two-thirds value the 
average the two Hovey formulas, have practically: 

which gives much higher values proportionately than any the 
ordinary formulas, especially for large values for very slender 


columns; and also indicates that the unit stresses used for columns 
the Niagara revision were comparison very conservative for the 


values which existed. 


The recent discussions before various technical societies and 
the columns the engineering journals indicate strong preference 
for the retention the straight line formula whenever more logical 
value can thus determined, and careful study the question shows 
that should the least have most careful review all column 
tests made the last thirty years, the basis for rational formula; 
and that preferable that more tests columns large size and 
design made most painstaking and thorough manner. 
When such checked data are available, then for columns 
ean tabulated once for all for safe end conditions, and reason 
logically exists for caring what form the plotted line curve may 
take, except that for convenience memorizing and for use when tables 
are not hand, some simple equation will still desirable. 
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PRELIMINARY METHODS CALCULATION FOR 1918 


The following methods were applied making calculations for the 
1918 revision the Niagara Bridge. 


Arch Span. 


Dead Load.—The dead load shall taken the value for the center 
top chord that will best assist the lowering the stresses the top 
chord, posts, and diagonals, and the same time not overload the 
arch chord unsatisfactory degree. This will presumably 
value between 200000 and 300000 for (300000 was 
finally adopted). 

Load.—The live load shall Cooper’s E-60 trains both 
tracks, and account the peculiar terminal nature the service 
this structure, they shall both considered headed the same way. 

Impact.—The impact shall taken 50% the live load stress 
impact determined the old American Railway Engineering 
Association formula the above amount live load each truss, 
based tests 1918 (or for speed miles per hour). 

The stresses shall computed for the maximum position with both 
tracks loaded, and 90% this value shall used for the total stresses 
both trusses, one-half this taken for the stress the mem- 
bers one truss. 

Wind and Lateral Stresses—The wind and lateral stresses shall 
shown separately, but shall considered combined and shall not 
used determining the stresses unless the combined amount 
such stress any member exceeds 25% the total all the other 
stresses the member; and then only the amount excess such 
25% shall used determining the unit stress. 

Floor-Beams and stresses the floor-beams and 
stringers. shall determined using the full value the impact 
the very severe service wear this part the structure and excessive 
corrosion (50% used for E-70). 


115-Ft. Approach Truss Spans. 


The live load the trusses these spans shall taken 100% 
both tracks, but the impact shall taken 50% the old 
formula, for the arch span. 

The wind and lateral stresses shall considered, provided for 
the arch span; except the case the reinforcing for the intermediate 
posts, which whole the bending stress may taken 
account.of, elected considered necessary final analysis. 

The impact the floor-beams and stringers shall considered 


the same manner for the same members the arch (50% used for 
E-70). 
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Approach Girders and Columns. 
The impact the approach girders and columns shall considered 
the same manner for the floor-beams and stringers the arch 
span and the approach truss spans (50% used for E-70). 


Reinforcement Floor System. 

The railway floor-beams the arch rest the top chords and are 
riveted them; but additional rivets, seven number, were added 
each end. Large curved brackets for sway bracing are riveted 
the beams and the vertical posts, extending down the bottom 
the highway floor-beams which are riveted between the brackets. This 
entire construction was figured rectangular frame, and was 
found that was unnecessary reinforce the flanges the beams for 
the E-70 loading, but was found necessary add plates 
the flanges the brackets. The plates the inside the brackets 
were extended along the bottom flanges the beams provide enough 
rivets take the stress carried the plate, and attached the beam 
flange plates and angles. 

The values the horizontal thrust, were determined the 
Greene method, applying the formula originally used figuring the 
arch stresses. This very sensitive formula and great care was used 
the value for each panel load, and all the 
were thoroughly checked, that that sensible error 
-was made this basic matter. This was regarded particularly 
important, due the fact that much doubt was expressed those 
discussing the paper describing Mr. Buck’s methods used 1896, 
the correctness the value used. 


Stress READJUSTMENT. 


The very extensive investigation made the writer, preparing 
the paper “Economics Arch Bridges”, indicated 
that for such structure the 550-ft. Niagara Arch would have been 
economical have designed three-hinged arch for dead load, 
but also act two-hinged arch under live load. The fact that Mr. 
Buck had added section the curved chord equal one-half the 
difference between the section required two-hinged and that for 
three-hinged arch, showed the advisability determining some 
manner the actual dead load stresses existing the arch ribs after 
the introduction the 1-in. shim for closure the arch when the 
erection the span was completed. This operation was partly described 
the paper published 1897, but, briefly, may stated that the 
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ribs did not close the center top chord joints about in. The 
arch was opened still further the large shore toggles and small 
adjusting toggle each chord, that 1-in. shim was placed each 
opening, which was calculated would give the final 572 000 lb. stress 
each chord required for true two-hinged arch. way was 
provided that time measure the stress, and while was once 
evident that the small adjusting toggle would not have produced 
much stress, was later learned the writer that the large shore 
toggle aided producing stress 689000 lb. each chord, 
measured October 13th, 1918, for the north center chord, U,, 
the following manner: 

The plates riveted the center top chord webs for skewbacks 1896 
were reinforced for the load picked the new toggle driv- 
ing additional rivets the front edge, and bolting with 1-in. turned 
bolts, near the end 1-in. bar each point, prevent the buck- 
ling the plate under pressure (Fig. 17). The adoption king- 
post toggle, such was originally used, was out the question owing 
interference with the beams and biacing the inside the chords, 
and heavy queen-post toggle was designed, shown Figs. and 17, 
sufficient strength pick 400-ton load. This was supple- 
mented placing house-jacks inside the chords counteract the 
transverse thrust the skewback contact. The toggle, modified 
slightly for actually changing the shim, shown Fig. 16. 

Gauge points were placed the chords between the center joint 
and the skewback points, that when the toggle was screwed up, after 
cutting out all splice rivets one side the joint, this portion the 
chord was free, even from its dead load stress, and the difference 
between the strain-gauge readings before and after the joint was 
opened gave the actual unit stress, Traffic was suspended during the 
time operating the toggle but light passenger train was allowed 
use the opposite track before the toggle had been entirely slacked 
away. 

The use the toggle 1918 for stress measurement indicated, 
from the bending the heaviest wrenches hand, that screws with 
more threads per inch should substituted the next year for actually 
the shims. The use wood blocking for keeping the toggle 
line the “hips” proved very unsatisfactory, and spacer bars with 
check nuts were used against the chords 1919. Then, for safety, 
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PLAN TOGGLE FOR NIAGARA ARCH, 1918 1919. 
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lock nuts were provided outside the main adjusting nuts one pair 
rods each the two toggles, and special long nuts were provided 
for the other sets rods for making the final turns. Screw-jacks 
were also placed opposite the hips inside the chord, account for the 
thrust from the spacing bars. 

When the stress had been réad for 1918, dead load stress 
sheet (Table was prepared showing the stresses from dead load only 
each member the arch ribs, for zero stress the center top chord, 
and for other values advancing steps 200 000 lb. for each column 
tlie table. From this was possible determine that would out 
the question change the center shim make the arch truly three- 
hinged under dead load, and was decided prepare the new stress 
sheet for center top chord dead load stress 300 000 and the 
completion all stress computations, this proved the value 
adopted for final use. 

The old toggle was remodeled, second one was made for the other 
chord, and after careful preparation the shims were changed Octo- 
ber 1919. Operating platforms were built outside and inside both 
chords (Fig. 17), about ft. below the bottom flanges, facilitate 
the erection and operation the toggles. The rivets were cut out 
all splices both chords, all beams and bracing any way tying 
the two halves the ribs together, and 50% the holes were 
filled with g-in. bolts with washers both sides, and these were only 
loosely tightened allow the joints slide the necessary distance 
the gussets, the outside splice plates being entirely removed per- 
mit changing the shims. The stringer connections were cut loose 
the eight points the floor-beams, thinner filler plates placed, and 
the connections bolted, 1-in. turned bolts being used the connections 
under the north track carrying 

During the changing the shims highway traffic was not stopped, 
but 8.00 railroad traffic was entirely suspended. Two hours 
were consumed completing bolting operations and adjusting the 
toggles, but 10.00 the tightening the screws began. The 
superintendent blew whistle and each the sixteen nuts, one 
each end each rod, was given four turns, and when all were abreast 
this operation was repeated. Some delays occurred, but the com- 
pletion twenty-six turns less than two hours, the old shims were 
loosened and withdrawn with the fingers. After lunch they 
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TABLE Loap ARCH FOR Various VALUES 


Srress 


All Stresses Thousands Pounds; Compression. 


Member. 


966 
793 
622 
271 

860 

654 


100 140 176 214 
121 182 242 307 432 
169 306 442 580 718 
192 372 552 731 910 091 
200 400 600 000 200 
Lower 
DIAGONALS 
125 166 209 251 
VERTICALS 
486 512 589 567 620 
261 298 325 358 390 
210 244 279 314 350 885 
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were all removed and the new shims, about less thickness were 
placed, and all adjustments being made, the nuts were slacked off 
five turns time, and 4.00 the joints had all been bolted 
sufficiently allow resumption railway traffic. Not mishap had 
occurred completely jacking apart the top chords the 550-ft. arch 
span, and picking with both toggles practically 700 tons. The 
adjustment the center diagonals and the center sections the 
bottom chord the new stress conditions had been provided for 
curving out the gussets between the diagonals and the center posts 
means oxy-acetylene burning torch and cutting out all the rivets 
the connection far possible with the south track out 
the number rivets that were cut out was roughly per 
cent. 

The measurement stresses the toggles showed that one 
time, near the maximum load, the small center slab was undergoing 
bending, due the eccentric application the load the end. This 
slab was blocked and trouble resulted. 

The stresses, read October 1st, were calculated that evening 


and showed wide variation from the total desired each 
chord, follows: 


The check made the old stress 689 000 measured 
showed for the north chord 715 000 lb. and for the south chord 688 900 
being only 3.8% larger for the north chord, presumably due 
stress carried 1918 the four lines stringers which were tightly 
fitted, and practically identical reading for the south chord. 

The large number heavy freight trains that had been held 
while the work was progress, were run over the north track during 
the ensuing hours, until final readings could made the next morn- 
ing, October 2d. Then the resulting total stress after full readjust- 
ment was follows, adding for the stress that would caused the 


the ties and rails the south track which was just ready 


for laying: 
Stress from south 000 
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Stress from south 900 


These stresses may considered practically exact, that for the 
north chord being within the desired value, and that for the 
south chord within per cent. This close agreement resulted from the 


the dead load stress 1918, the very careful calipering 


the old shims, and the many check strain-gauge readings. Owing 
the fact that the thickness the new shims was reduced exact pro- 
portion from that the old shims, the distribution over the cross- 
section the four chord sections, remains practically the same 
before the change. 

Stress SHEET. 

The recorded data the former stress computations were very 
meager, consisting the stress sheet the paper the 1897 
tions, blue-print diagram lateral and sway stresses, together 
with record the for for the arch ribs. 

The original total stresses included simply live load, dead load, and 
temperature stresses, account being taken secondary stresses 


impact. The unit stresses assumed were, for the diagonals tension, 


dead load 000 per sq. in., and live load per sq. in.; for 
compression the top chords, dead load 000 per sq. in., and live 
load 


000 


for posts and diagonals compression, dead load 500 per sq. in., 
and live load 
000 
The resulting unit stresses the sectional areas adopted were 
follows: 


Diagonals (tension)............... 600 600 
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The new stress sheet, Table consists column for each 
stress, and every method for each class which was desired 
have, either for comparison final combination. The result was 
sheet thirty columns, affording much data the way valuable 
comparison and enlightenment for obtaining final maximum and mini- 
mum stresses. The first eight columns are all dead load non-dynamic 
stresses, including dead load, temperature, snow and wind load 
the next nine columns are for train live load stresses both direct 
and reverse, together. with impact the Schneider formula, the 
Lindenthal formula, the proposed new American Railway Engineering 
Association formula added later, and from the Niagara impact readings 
with the strain gauge. Attention called the low values given 
the proposed new formula, and their comparison with 
the Niagara readings, which are not necessarily corroboration the 
correctness the proposed new formula. The comparison 
the Schneider and Lindenthal values shows that there not wide 
divergence the average for the compression members, but indicates 
much higher values the Lindenthal formula for the tension diago- 
nals, would seem logical from the viewpoint safety, although 
not corroborated the Niagara strain-gauge results. The careful 
study all the values would indicate that the results obtained the 
proposed new formula are very low for the usual average 
speeds over main-line bridges. The fixing the critical speed would 
therefore seem the first necessity perfect formula, and, 
secondly, the coefficient function herein developed introduced 
for variation speed—these two factors being intimately correlated. 

The next seven columns the stress sheet cover the highway live 
direct and reverse; the lateral live load; and the secondary stress 
percentage, with the equivalent thousands pounds, the percentages 
being 10% flat for the bottom chords, from 200% for the top 
chords, from 45% for diagonals, and from 60% for the 
vertical posts. 

The last six columns comprise the total stresses combined from 
the various stresses, giving both minimum and maximum stresses, and 
50% the reverse minimum. The last two columns give the allowable 
unit stresses fixed for the revision the structure and the maximum 
resulting from the combination the co-existing actual stresses. 
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TABLE SHEET. 


All Stresses Thousands Pounds; Compression. 


Dead Load, Temperature, Snow, and Wind Stresses. 


Loap. 
Tempera- 
ember. ture now. 

hinge shims. shims. truss. sway 
264 151 148 223 201 
367 191 229 198 243 
614 282 434 294 292 
689 300 480 305 361 
040 120 107 898 151 747 

729 848 155 628 731 108 
587 735 198 550 995 445 
145 467 421 608 565 957 

DIAGONALS 

549 499 284 888 672 
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TABLE (Continued). 
Live Load Stresses. 
Member. Plane Lateral Equiv- 
Direct. Reverse.| Direct.| Reverse.| and Total. alent 
Lower 
DIAGONALS 
VERTICALS 
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TABLE 6.—Srress (Continued). 


Impact Stresses. 


chnei- nden- Linden- New 

Lower 

DIAGONALS 
VERTICALS 
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Member. 


TABLE SHEET (Continued). 


Maximum, Minimum, and Unit Stresses. 


Minimum. 
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Unit 


Maximum. 


oO 


16.7 


18.1 


17.5 
17.3 
16.8 
16.6 
17.0 
11.5 


Lower 
DIAGONALS 
087 16.8 
VERTICALS 
300 150 19.7 
= 
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Although the posts from show excess, considera- 
tion the secondary stress strain-gauge readings shows them 
within the limits set for direct compressive stress; furthermore, the 
effective length much reduced the highway floor-beams and 
stringers connecting the highway level. 


REINFORCING. 


The reinforcement the posts the 115-ft. span, and the viaduct, 
consisted two angles back back each web, but some cases 
filler plate was used. The holes these plates and angles matched the 
old rivet spacing the webs far extended, and when the new 
material had been bolted place few bolts, the additional holes 
were drilled through the webs with high-speed air drills. Every other 
hole was bolted before riveting, and the bolts tightened before riveting 
but after load had been relieved, either the toggle the 
115-ft. span posts already described, shores and jacks carry 
the dead and live load for the approach columns. 

The old cover-plates the approach girders, the stringers, and the 
floor-beams the spans were cut loose cutting out the rivets 
hand, except for the old rusted top plates which were thrown 

and could stand the heat from cutting torch. These rivet heads 
were burned off the rate 600 700 per day, equal the 
number removed four hand gangs, and the rivets were then backed 
out hand. The new top cover-plates were countersunk 
leave smooth surface receive the 14-in. maple risers, but experi- 
ence indicates the desirability countersinking top flange rivets 
all railway bridge stringers deck girders, that ties need not 
bored notched for rivet heads. All new plates were riveted after 
removing the dead load stress shoring from below with 8-in. 
shores and wedges for the stringers the spans, one for each 
but two 12-in. shores were used under each the approach 
girders, which were from ft. length. 

The reinforcing plates the curved brackets were clamped 
the holes drilled through the old flange and the riveting done 
without any shoring, there was practically dead load stress 
considered. The new counters the 115-ft. spans were 


square U-bars, two bars replacing one the same size, which would 
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have been stressed more than 40000 lb. under E-60 loading. The 
old loop eyes were burned off each side the pin using torch, 
that the old counters were easily removed, after previously putting 
four strands wire rope, tightened turnbuckles carry the 
counter stress until the new rods were place. The short U-bars 
were then slipped around the top and bottom pins, the straight sections 
connected up, and tightened with the four turnbuckles initial 
stress per sq. in., shown strain-gauge readings. 

The viaduct posts had originally been built with bases in., 
resting pedestal blocks stone ft., entirely above the 
pavement. This had become obstruction traffic very serious 
nature, and two the stone pedestals had become cracked, was 
decided replace the two nearest each entrance the highway floor 
with extensions the steel post section below pavement level, with 
flaring base distribute the pressure over the concrete footing. 
These bases were built channels and plates, was impossible 
obtain steel castings within any reasonable time. They were fully 
spliced the columns after the old base plates and connections had 
been burned off, the pockets having been filled with water-proof con- 
crete directly against the metal. space between the bases and 
the pavement was filled with concrete concave curves ward off 
the wheels vehicles. The additional gain roadway width was 
about ft. The post reinforcing was increased provide for the 


increased value 


Sway Bracine. 

The new diagonal sway bracing (Fig. 18), the bents, U,L,, 
U,L,, composed two 12-in. channels for each member, 
laced with angles double-riveted, and having stiff- 
ening angle each tie-plate. The old rods were not removed until 
four wire ropes with turnbuckles had been placed take the stress, 
one vertical panel being replaced and was required 
that panel finished the day was begun, measure safety. 
The connections the arch ribs was made means the large 
gussets connecting generally old holes with very few new ones 
The posts were also diaphragmed opposite the bottom gussets. 
The center gussets were made large enough and holes were provided 
for connecting struts that will necessary when two more ribs are 
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added the arch, and then the end connections can increased 
strength placing the rivets double shear., When new ribs are 
added, stiff bracing will placed the alternate bents well. The 
bracing the end bents, has connected steel stairways 
shown Fig. 18, the outside stringer being single channel, and 
the steps formed two rods with pipe separators. The rise makes the 
stairways very easy climb and they are advantage ease 
access for making repairs the bridge. 

The two vibration struts each bent, and one each bent, 
angle flanges, and angle web members. They are purely 
for counteracting vibration, and are connected steadied angle 
lugs the middle pin the sway rods. They, well the 
diagonals, serve the purpose perfectly, and the side sway and swing 
the bridge which was objectionable has been practically elim- 


inated, besides making the arch perfectly safe against vibration from 
heavy trains. 


New Line. 


The grade line the arch was originally made conform the 
large camber the old suspension bridge, means erecting the 
-arch around the stiffening trusses the latter without stopping 
traffic. This made sag the grade practically in. between 
the center the arch span and the New York Central Rail- 
road crossing the American shore, practically the shore end 
the 115-ft. span. The heavy grade incidental this made neces- 
sary for the heavier freight trains cross the bridge speeds from 
miles per hour, which were considered unsafe for bridge 
this character—so high and directly above the Rapids. Therefore, 
was decided remove this sag means steel risers top 
the stringers, which also were made serve the new top flange 
these the American half the arch and the 115-ft. 
span. The rise the first panel next the center the arch was 
made entirely the 14-in. maple risers the new floor. 

The risers the next two panels consist four angles telescoped, 
and for the remainder the arch four angles and web-plate, with 
stiffeners every ft., all risers being tapered conform the new 


grade. The risers the 115-ft. span are Bethlehem H-beams 
and in. deep, with end stiffeners only. 
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The American approach was jacked bodily in., and cast-steel 
bases were inserted between the steel bases the columns and the 


This jacking was done for all three the American ft. 6-in. 


double-track spans, during the two hours when the trains were stopped. 
Bents 12-in. timbers had been previously placed, and eight 
60-ton jacks shores, two each point, were used raise the 300 
tons. The jacking began whistle signal, and all points were raised 
and blocked in. When all were abreast, second signal was given 
for raising the second inch. Marks had been made watch for 
creeping, but none occurred. With the new castings and sheet lead 
place, the anchor-bolts were temporarily placed, the new north track 
was connected, and trains were allowed cross. 


New 


The old railway deck had been placed originally with galvanized 
strips between the ties, small wooden side gutters, and galvanized 
downspouts protect the steelwork from salt water drip and the 
highway traffic from water coming through from above. This proved 
unsatisfactory, and, later, wooden strips with groove for gutter 
were used between the ties. This was apparently passable protec- 
tion, but the dry weather period great deal leakage made 
unpleasant for the highway traffic. While making the 1918 inspection, 
the condition the top flanges and angle laterals between them, 
the stringers, floor-beams, and girders was investigated ascertain 
the extent the salt-water corrosion from refrigerator car drippings. 
The only places that could reached were the small spaces between the 
ties, and below the small, wooden gutter strips. was found that 
the corroded metal could easily pried off flakes from in. 
thick. using rolling staging, spots were scraped each 
top flange frequent intervals and was found that plates and 
angles originally from in. thick, were wasted away aver- 
age 50%, extreme cases only in. thickness remained. 

Studies were once begun find some type floor that would 
practically perfect protection against this salt water and also 
the blow-off water from locomotive boilers. There was found have 
been real attempt any one solve the problem, except the 
endeavor the American Railway Engineering Association have 
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efficient drip tanks placed refrigerator cars, and the use some 
heavy concrete troughs carry ballast and tracks. 

The latter solution represented the heavy 
floor designed and used Charles Loweth; Am. Soe. E., 
Chief Engineer the Chicago, Milwaukee and St. Paul Railway. This 
splendid type construction, but weighs 400 lb. per lin. ft. 
track, could not considered for use the Arch Bridge. One 
the lightest floors this type use the Buffalo, Rochester and 
Pittsburgh Railway, and was only slightly too heavy considered, 
weighing 2200 lb. per lin. ft. single track. The design shown 
cross-section Fig. was within the weight limit desired, and 
test section was made with the cement gun. Tested with its own 


| 

| 

<—Standatd Gauge—> 


Fic. CONCRETE FLOOR TESTED. 
weight over span ft. 12-in. blocking, sagged about in. 
and developed hair cracks. could tetered and down in. with 
one’s foot and return its original sagged elevation, and far 
tests indicated would satisfactory for the short spans between 


stringers and new jack stringers. was discarded mainly account 
the certainty that would shatter under traffic. The idea, with 
certain evident modifications, worthy trial some new bridge. 

The design, which was finally approved from engineering stand- 
point, was plate protection with proper protective 
coating. Furthermore, this made possible carry the water away 
side downspouts, but when the cost was considered, and the cost 
maintenance well, some lighter plate floor was found desirable. 
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The suggestion the use special iron was once rejected, 
and plan for special iron floor was prepared for bids. The 
labor and shop conditions were finally responsible for the use this 
floor, shown detail Fig. 21, which could largely fabri- 
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cated the field, and easily maintained and repaired ordinary 
workmen. The bids were received both the special iron and copper 


steel, and the latter was adopted account material saving. 
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idea was entertained, however, that any metal usually painted would 
last long when undergoing the corrosive action the salt-water brine; 
therefore the copper steel was coated, after fabrication and laying, 
with Hermastic enamel grade such used for the double 
bottoms ships. The metal was first cleaned wire brush- 
ing and rubbing with burlap and coarse rags, coated with the special 
primer, and then the enamel applied “piping” hot. Even 
then could only given one spread from in. with the 
special daubers used, and account the thin metal being kept 
constantly coo] the current air and down the Gorge, 
50% more enamel was used than was expected, giving coating more 
than in. average thickness. 

The design quite plainly shown Figs. and 21, but attention 
called few vital points. The 9-ft. floor-plates have fall 
84, arranged the inside and outside 14-in. maple stringer risers, 
thus draining the water the large gutters each side the bridge. 
This side slope taken out the track making the outside 
14-in. hardwood tie block in. thicker than the inside one. These 
blocks are dapped into the 10-in. ties about in., the ties being 
dapped uniform thickness in. The blocks are spiked edge- 


wise prevent splitting, are fastened the ties with two 6-in. spikes, 


and are treated with hot carbolineum, are also the stringer risers. 

The copper-steel floor sections are flanged, shown, width 
ft. in., that section can pulled out sidewise for re-coating 
repair, slightly jacking the track. The flanges are protected 
the edges cap No. galvanized steel, coated with enamel 
and held place stove bolts easily renewed. 
When the plates were laid place the 14-in. maple risers, with 
clear span ft. in., they were perfectly stiff for carrying the 
workmen, and the writer, who weighs 200 was unable sag them 
jumping and down the middle sheet. Some few the 
plates were dished flanging and required jacking level. 

injury was done the coating walking over it, and not 
expected that will affected the 120° variation temperature 
from summer winter. Cleaning with scraper would injurious, 
and brushes are used, ordinarily, with frequent flushing hose. 

The flanging the plates was done the bridge the home-made 
bending machine shown Fig. 22. This was constructed from old 
12-in. timbers drift*bolted together with the edges the jaw 
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Fic. 23.—SKEWBACK THRUST WALL AND ARMORED CASING, CANADIAN SIDE. 


MACHINE FOR COPPER-STEEL FLOOR PLATES. 
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timbers protected old angles and plates. The copper-steel plates 
were extraordinarily stiff, and the flanging timber was trussed 
hog rod shown. This timber was operated two oak levers about 
ft. long and lines running over snatch blocks the nigger-heads 
hoist engine. The plates were clamped the machine the 
counterweighted timber, which turn was clamped down the two 
levers bound the edges with strap iron, which turned down 
plates spiked the timbers. The exact width the plates was obtained 
using gauge angles the bed the machine, and the exact angle 
the bend was first found trial, allowing for the spring the 
plates. The machine was operated without trouble bend about 600 
plates, five men bending average about plates per day 
hours. These plates under the tracks have wooden stop-waters 
3-in. carbolineum-coated timber, spiked the under side the 
ties bear tightly against the inner ends the floor-plates. 

The gutters (Fig. 21) were formed into the desired cross-section 
bending rolls the shop, after being punched the interior ends 
for lap splicing with rivets, which were driven air guns the 
field. The ends were welded the field with welding torch, and the 
holes for the 4-in. downspouts were burned the field with torch. 

The gutters have fall in. for the girder spans, varying from 
ft. ft. in. for the ft. 2-in. panels, and in. for the arch 
80, and gives quick drainage. The large size the gutters was 
adopted order protect the highway deck near the sidewalks from 
splash and drip beyond the floor-plates. 

The downspouts are 4-in. steel pipe with screw joints, but attached 
the gutter with flanges having oak filler gaskets soaked linseed oil, 
and band-sawed fit the curve the gutter. All the downspouts are 
long enough discharge below the bottom chords the three spans, 
and are supported below band clamps the pipe and fastened 
convenient lateral gussets. 

The track fastened down hook-bolts the inside stringers 
every fourth tie, and anchored sidewise the eye-bolt rods the 
approach girders, and the same manner the spans, where the 
raised track above the fascia girders. the remainder the spans 
the fascia girders have tie-rods the stringers, shown, with angle 
clips connecting every fourth tie the top flange the fascia girder. 
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The cost repairs make good the damages caused salt water 
was over and the cost the copper-steel salt water protection 
was about the same. These two items indicate how serious problem 
confronted the matter having refrigerator cars equipped with 
salt-water drip-tanks. These might made very easily and eco- 
nomically using large wooden boxes matched flooring and lining 
them with thin sheet copper, well nailed place prevent its being 
stolen. These tanks cannot emptied automatically, since they would 
about likely discharge bridge elsewhere; they must 
arranged for quick discharging, and yard men must trusted 
keep them emptied. 

The track finished has practically smooth surface and only 
about 0.1% grade. belongs and was laid the railway com- 
pany, lessees the railway deck, and the best type construc- 
tion throughout, was mutually agreed upon. The rails are 100 
per yd., the section, with continuous bridge joints. The 
tie-plates, 104 in., are the Lundie type, especially large and 
heavy. The rails are laid with tight joints prevent hammering and 
are provided with large expansion joints each track the Quebec 
Bridge type, both the ends the bridge, allow for approxi- 


mately in. expansion, which concentrated the shore ends 


the 115-ft. spans. Inside guard-rails section are used, and 
outside steel guard-rail the same size spaced ft. from the inside 
the inside track rail the inside the guard. Borden tie-spacers are 
used between the ties, two lines each track. The walkways are 
3-in. timbers laid in. apart. 

The old floor was very noisy during the passing trains, but the 
new one, due the maple risers and the Hermastic enamel, very 
quiet and nearly noiseless possible build. Certainly, 
demonstration that elevated railways practically noiseless construc- 
tion can built. The cost the high-class tracks alone was about 
$12.90 per lin. ft. one track, and including the copper-steel floor 
complete about $27.50 per lin. ft. one track. This would indicate 
that bridge account extra cost need constructed, leaving the 
upper metal work exposed corrosion, and the floor system and bridge 
subject destructive local impact increments, due the desire for 
the possible financial saving that would result from the use less 
perfect track, and the lightest possible protection. 
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The new highway floor was built for capacity per lin. 
ft., the trusses the 115-ft. spans, and 1500 per lin. ft. 
bridge the trusses the arch span. The joists the roadway 
are 9-in. 18-lb. spaced about ft. in. centers, and 
for live load 100 lb. per sq. ft. roadway and for 
the concentrated load from 15-ton motor truck. The sidewalk joists 
are 6-in. 15-lb. for live load lb. per sq. ft. 
sidewalk. 

The live load capacities were assumed after careful consideration 
the data gathered the late Schneider, Past-President, Am. 
Soe. E., and the investigation the Blackwell’s Island Bridge 
New York City. 

The joists were fastened the bridge stringers 
clips, bolted through the joist flange only. The hard pine side- 
walk floor and the 34-in. white oak roadway plank are fully spiked 
pine spiking strips, which had been treated with hot carbolineum, 
and which are bolted the top flanges the steel joist. The curb was 
set back in. each side the road give more roadway room, 
making the clear width ft. in. The plank was spiked with full 
openings give proper drainage, and the spiking strip for carry- 
ing the ends the sidewalk plank was spiked raising block in. 
thick every ft. give plenty opening for the dirt blown and 
into the river. protection strap iron was spiked 
the curb the ends the sidewalk plank, which had been pre- 
viously treated against decay. 


The bridge when rebuilt 1896 had comparatively light highway 
traffic, and need was found give the greatest room possible for 
pedestrians and vehicles. The change made the viaduct column 
bases give about ft. more roadway directly the highway entrance 
has been described, and the fact noted that all the stone pedestals 
that were allowed remain were cut batter allow more hub 
room the roadway, and they were curved out the sidewalks give 
more room for pedestrians. The width the walks was further 
cutting off the toll windows about in., also the corner 
the American toll-house give about in. more width. The 
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corner the building was supported eccentric load special 
steel column and the space each side turned into windows give 
better light the Customs Office. 

The sidewalk Whirlpool Street the American side, about one 
and one-half blocks, was changed and landscaped with curved walk 
the north side Mill Street, avoid crossing the vehicle 
traffic twice. This change and similar one across Mill Street made 
possible very materially add the width this street and carry 
practically full width the bridge entrance. The railings the 
small parks both shores were improved, and concrete fence 
posts simple but neat design were used the Canadian park. The 
same high standard applied the bridge itself was used putting 
all the accessories first-class condition care for the present exten- 
sive highway traffic and provide for future reasonable increase. 


SAND-BLASTING AND PAINTING. 


The paint the structure was very good condition, except 
already detailed regard the upper work the railway deck. 
had been completely renewed three times the preceding years, with 
75% home-mixed white lead, zinc, and linseed oil paint. While 
comprehensive method had been adopted removing rust spots before 
applying the new coats paint, the deterioration from rusting was 
practically nothing (except the railway floor) starting clean 
the structure thoroughly with Mott sand-blast machines, and was 
found that the original coats red lead and white lead and were 
intact over about 80% the 480 000 sq. ft. surface. Therefore, the 
sand-blasting was only used clean off all dirt, loose and dead paint, 
and thoroughly burrow out the small rust soon possi- 
ble after cleaning, these rust spots were coated with Tockolith kill 
any small amount rust missed, the starting incipent rust. 
The machines used for the sand-blasting were two No. Mott sand- 
blasting machines and one No. 

When was found that silica sand would cost more than per 
ton delivered the bridge from Illinois, several local sands were 
tried, and the dried locomotive sand procured from the Grand Trunk 
Railway roundhouse was found sharp enough give the results 
desired. The maximum speed cleaning reached high 
sq. ft. surface per min. and the entire cost the work, including 
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labor, sand, and power, was close cent per sq. ft., that the 
average reached was only about one-tenth the maximum possible, 
due lost time charging sand, changing nozzles, building and 
changing scaffolds, and all the usual delays work this char- 
acter. The interference from other classes work under way was also 
big factor reducing the efficiency the cleaning, and would 
seem easily possible ordinary bridge with other work 
progress reach average sq. ft. per min. any event, 
proved the one best way properly and thoroughly clean 
old bridge. Improvements the apparatus were made reaming out 
tapering entry for the sand the inner ends the loose nozzle tips, 
and using bent nozzles for reaching surfaces that were difficult for 
the operator get at, and for the inside latticed members. 

The carburetor the machine should also improved not 
clog with damp sand, was nearly impossible keep the 
sand dry only damp and foggy weather, while wet weather work 
soon had practically suspended. 

The great variety conditions various parts the 
required the use twelve different kinds coatings, each one for 
specific purpose, will briefly described. They were red lead, white 
lead and zine, Tockolith, graphite, Galvanum, cement paint, fireproof 
paint, turpentine asphaltum, enamel, enamel primer, 
carbolineum, and cement gun coating. 

The red lead was 60% ready mixed, with asbestine and other suspen- 
sion pigments. This was used for the shop assembling and first coat, 
but for the field lamp black per bbl. was added insure further 
the keeping the red lead suspension, increase the spreading, and 
darken the silver-gray lead paint would cover more easily. 
was intended use this for all metal fully exposed the sand-blast 
first spotting coat, but study conditions caused change 
Tockolith, stated. 

The white lead silver-gray color paint was for the finish coat. 
was 60% white lead, 20% zinc, and 20% barytes and other pigments. 


The white lead and the were each increased from 10% the 


field, thoroughly cover the darker paints. 

The Tockolith was substituted for the red lead cover rust spots 
after cleaning, the writer’s experience for several years painting 
badly rusted metals has shown that this paint absorbs the oxygen from 
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rust and stops further rusting. The cutting apart girders for rein- 
forcing disclosed that where the surfaces had been painted with red lead 
between cover-plates and angles before shop assembling, all the paint 
had been practically burned out during riveting. Therefore, Tockolith 
was used for much the assembling paint the field. 

The use Superior graphite was deemed necessary the bottom 
the copper-steel floor resist drippings from salt water, acids, and 
gases. One coat was used for this purpose and the second coat was the 
white lead finish paint. Graphite undoubtedly one the few paints 
that should used for assembling, not burnt out rivet 
driving. Possibly better results would had substituting some- 
thing, least part, for the linseed oil, 

The Galvanum was used for painting few hundred square feet 
galvanized corrugated-steel roofing between the girders the 
Toll Offices. Ordinary paint could have been used first washing the 
galvanizing with weak muriatic acid solution, adding cut shellac 
ordinary paint. 

The cast-steel bases and boxed-in bases the viaduct columns were 
filled with water-proofed concrete, formed with the addition Medusa 
compound. exclude the water further and match with the 
silver-gray coat the bridge, Acme cement paint was used for paint- 
ing the exposed surfaces this concrete. 

The use Acme fireproof paint for the timber floor was investi- 
gated painting some boxes and attempting burn them. The 
results were satisfactory that has been recommended that the 
cracks the roadway and sidewalk floors sprayed with this paint 
soon the lumber dries out the spring, order prevent fires 
starting from cigarette and cigar butts. 

The elbows and inclined sections the steel-pipe downspouts 
were painted with turpentine asphaltum partial protection from 
salt water, since was not possible under the conditions existing 
use Hermastic enamel this location. 

The Hermastic enamel was used for coating the copper-steel drainage 
floor protection against the rusting corrosion the steel the 
railway floor system due salt water and other drippings. The 
steel plates were also coated with this where they had bearing the 
maple risers, and addition the maple was given coat. The metal 
was first cleaned, then coated with the enamel primer, and the 
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enamel applied with special daubers, while the enamel was 
very hot. Even then would only spread distance in. 
Owing principally the thickness the plates and the constant 
breeze wind down the Gorge, about 50% excess the enamel was 
used and the average thickness was more than in. 

Carbolineum was used for all timber treating, and was generally 
applied hot with brush, but the blocks the kettles 
where was heated. From one-fourth one-half coal oil was added 
increase the spreading and penetration the carbolineum. The 
timbers treated were the spiking strips for the highway floor, the maple 
risers and blocks for the tie-risers, well the stop-waters and other 
minor timber details. 

The coating with cement mortar the cement gun has been spoken 
under the discussion the skewbacks and only mention 
need made here. The concrete abutments and walls were simply 
painted with cement mortar cream. 


The steel construction plant used the Terry and Tench Company, 


which did the construction work, was exceptionally complete. The 


three compressors about 230-cu. ft. per min. capacity free air, 
were the motor-driven type such has been used elevated rail- 
way work New York City. The motors are p., 250 volts, and 
the whole equipment for both motor and compressor mounted 
steel wagon trucks. The electric current was obtained from the feed 
lines the electric railways either shore, and shut-down the 
work was necessary when power was off one end. They all fed into 
the same pipe extending the length the bridge, and connecting 
two air tank reservoirs. Frequent branches and valves were pro- 
vided for connecting the hose for air drills, riveters, sand-blast machines, 
and cement gun. The long gun riveters were the usual type, and 
the air drills and reamers were the high-speed type running 700 
rev. per min., with drills and reamers correspond, that 
culty was found keeping work abreast. There were twelve riveters 
use, and fifteen air drills and reamers. 

The sand-blast machines were made the Mott Sand Blast Com- 
pany, Brooklyn, Y., and stated were three number; the No. 
size consuming ft. free air per min., and holding 500 Ib. sand; 
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while the No. size consumed ft. free air per min. and held 
1000 Ib. sand. They consisted sand tank filled through sieve 
the top, and discharging through conical bottom the carburetor 
where the compressed air introduced, all regulated suitable valves. 
The discharge hose special heavy reinforced rubber, and carries 
nozzle which has small hardened cast replaceable tips. These tips 
were those reamed out conically allow freer discharge, and special 
bent nozzles were made facilitate work which was often somewhat 
out reach and partly inaccessible for the ordinary nozzle. 

The oxy-acetylene torches for cutting were the ordinary type, 
the burners tips having three holes one above the other. They were 
used for cutting off old column bases, curving out gussets, cutting 
old flange plates, and many other cuts which made hand would 
have taken hours instead minutes. For cutting off rivet heads, the 
tips used for ordinary burning were slow and special tip was used 
with three holes line, which cut off average about heads 
per hour and did not weld the shank the rivets into the holes. 
more valuable tool can found for field repair work, and can 
used for any work where the danger overheating the steel does not 
need considered. 

The material was unloaded small “jiniwink” shear-leg type 
boom derrick, operated engine using compressed air, and was 
distributed over the highway deck far possible means 
hook buggy and several large lumber-yard buggies. Owing the 
great height the work above the Rapids and the necessity for 
keeping traffic, double hitches and double slings were used, that 
with constant watchfulness not one accident from this source occurred. 


Rock 

The cliffs each end the bridge were found quite solid 
when the arch was built replace the Suspension Bridge 1896, and 
therefore they were left with overhang above vertical cliff wall 
ft. height. Some rock falls had during the years 
following, one which did some damage the end shoe strut, really 
tie, the Canadian end the arch. There had been some bad falls 
and down the Gorge from the bridge, and the cliffs were badly 
weathered, was decided remove all the rock and overhang 
which might, falling, damage the arch span. This removal con- 
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sisted taking off 12-ft. overhang under the Canadian 115-ft. span, 
and overhanging point directly adjacent and north this. The 
overhang under the 115-ft. span the American end was also 
removed. The yardage was not large total, but the rock had 
broken into less than one-man stone before casting over the 
Canadian end, and before hoisting the American end, account 
the electric railway down the Gorge. The skewbacks and tracks 
were well protected plank aprons. The rock was drilled rows 
holes for one cut, using hand air (or plug) drills, and the face 
finally left was practically and vertical, but all the great super- 
imposed weight was taken off and future falls are expected. 

Should future conditions warrant further protection, proposed 
construct just above the skewbacks either side rock-catching 
abutment which will catch and retain large quantity small rock 
before cleaning out would necessary, and the case large 
fall, would break its force and prevent its bouncing the steelwork. 
Such device might found useful many similar locations where 
protection from rock falls necessary. 


Masonry Repairs. 


The repair existing masonry usually more troublesome than 
building new; especially difficult decide sure cure for 
trouble. This usually due the impossibility knowing the con- 
dition the interior walls masonry masses, except its solidity 
may learned from borings, and this method testing often far 
from satisfactory. Added this difficulty, there was Niagara the 
old suspension bridge abutments and anchorages use for the abut- 
ments the railway viaducts. These were built limestone 1855, 
making them years old, and there were plans the files from 
which determine their thickness and the character construction. 
Fortunately, the writer found Van Nostrand’s one the orig- 
inal Roebling monographs the Suspension Bridge, published 
England, and this were plates giving the masonry details. The 
front walls the abutments which carried the girder spans were found 
about ft. thick the ground line; and this was later checked 
when weep-holes were bored through them with Burley drill carry- 
ing 5-in. drill bit, which insert 4-in. steel drain pipes that 
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were also extend through the new concrete face wall, which 
later. 

The old suspension bridge towers, has already been mentioned, 
were replaced with steel Mr. Buck, and when the stonework was 
torn out from between the new steel members the towers, the rock 
was found completely broken the interior. 
The abutment wall under the girders the Canadian end was quite 
shattered from frost and traffic combined, that worked under pass- 
ing trains and was considered unsafe. heavy timber bent was 
erected carry the traffic, and the face the wall barred out 
depth more than ft., where was quite compact under 
pressure. Forms were then built 2-in. surfaced lumber and new 
concrete face wall carrying abutment was constructed. The girders 
were carried this abutment using new cast-steel shoes, with new 
stiffeners riveted the girders above the new support and the 
webs between this and the first old pair, care properly for the shear. 
The old end the girder had the bearing-plates removed and now 
the track cantilever for the distance from the new bearing 
the old back-wall. 

The stone pedestals removed from beneath the viaduct columns 


being cracked were found badly shattered, much the 


same noted for the old towers and the old abutments. This led 
devising thorough method protection the skewback masonry 


the arch from weathering, had only begun show the effects 


years exposure the rigorous climate. The original scheme 
adopted had been simply coat the limestone courses below the 
granite copings with cement-gun finish, but the developments 
regard the other masonry, was decided armor all four the 
skewbacks shown Fig. 23, which also shows the thrust wall between 
them, which described later. 

The armor was shot with cement gun, the proportions the 
coating being one cement one and one-half clean sharp sand, 
with air pressure lb. This coating was about in. thick the 
top, and more than in. the bottom each skewhack, was neces- 
sary get regular batter line. This coating was reinforced tri- 
angular wire mesh which had first been fastened closely over the old 
stonework spikes driven into the cement joints. This mesh had 
No. longitudinal wires in. apart and No. 12} cross-wires in. apart. 
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Just below the old coping new coping was shot on, reinforced 
bowed-out strip wire netting. The old coping therefore appears 
pedestal block. 

The stone skewbacks were quite high and slender, especially the 
American side, and under the most severe assumptions stresses 
from wind the unloaded exceptionally high and 
exposed, was found desirable carry the directly applied stresses 
from the new sway bracing down the solid rock foundation strata. 
The drilling any holes through the skewback masonry for efficient 
tie-rods seemed undesirable, and, therefore, the skewbacks were con- 
the thrust-walls shown Fig. 23. These walls were ft. 
thick, with plain coping, and arched the bottom allow falling 
rocks and débris pass through cleaned out, that they would 
not eventually become retaining walls. Footings were built next 
the skewbacks carry each end wall. The reinforcing consisted 
sixteen deformed bars diagonal lines from the top one 
skewback the bottom the other, each bar being placed in. into 
the masonry each end holes drilled with the plug drills. These 
holes were put into the tops the high American skewbacks, slanting 
downward, afford some tension anchorage. Each set sixteen 
rods was hooped into column shown. The arched bottom was 
reinforced act conjunction with the shear rods, simply prevent 
cracks the wall. 

The thrust-walls and the armor coating not only serve perfectly 
the structural purposes for which they were intended, but may 
seen from Fig. 23, they add much the appearance the structure, 
especially solidity and stability. They are also designed serve 
part the enlarged skewbacks that will eventually needed 
additional ribs for four-track bridge. 


DEDUCTIONS. 


The data given increase locomotive and train loads, sup- 
plemented such other like data have been published and which 
can, easily obtained, should made the basis for negotiations the 
Society with the leading railway societies and with locomotive and car 
builders the allowable increases for reasonable time the future. 
This would make possible plan more definitely than could otherwise 
done for the strength future bridge construction. The great 
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requirements for steel all classes work which iron and steel are 
utilized makes certain that from every viewpoint raw supplies for 
the manufacture iron and steel structures must conserved. 

The information presented the great diversity possible 
bridge loadings now use, and the distribution stresses occurring 
structures compared calculated stresses, indicates the great 
futility over-refinement. Although the system composite loading 
proposed may prove more than tentative, certainly 
hoped that will made the basis the Society, and others inter- 
ested for the adoption comprehensive, logical, and simple system. 
This can certainly done, and credit that branch engineer- 
ing which lays claim being the most the many specialties 
now comprised under the general head Civil Engineering. 

The strain-gauge results obtained, while not perfect, certainly indi- 
cate the necessity making both dead load and live load readings 
representative members all important structures. The gauge points 
should permanent, put the members and read before erection, 
the end that the bridge engineer may any time easily make check 
actual stresses and their distribution, caused standard trains. 
Should such scheme instituted the large railway systems, 
then possible, with the aid the United States Bureau 
Standards, obtain extensive and conclusive data impact 
bridges, secondary stresses, distribution stress over the 
cross-section members, and finally, obtain much valuable data 
the strength compression members and 
reversal stress. The needed information supplement this kind 
data compression members could also easily obtained each 
railway would substitute for full-sized eye-bar tests, the testing 
one two compression members for each important structure. This 
would probably corroborate recent data from tests that indicate the 
need better compression member details, rather than any change 
the sections themselves their make-up. 

The stress readjustment carried out the Niagara using 
toggles change the center shim, seldom possible 
the ordinary structure, but not too much say that there 
way possible for the revision most large structures, and the 
strain gauge would play small part accomplishing the desired 
result. The great lesson learned from this Niagara revision and 
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the examples the first and the Blackwell’s Island Bridges, 
together with the success obtained for the Hell Gate Arch, that the 
real design structure does not lie entirely computing stresses 
and designing details, but the greater problem the most fitting 
general design for given location and general scientific prob- 
lem. The writer does not hesitate repeat statement often made 
heretofore, that engineers cannot properly design bridge unless they 
have made every effort give the proper consideration, with 
the assurance that doing they need not violate the principles 
scientific design, nor the truest economy. 

The investigation Niagara emphasizes the need for the engineer 
any important structure leave the most completé data possible 
the files the owners. This should not merely include blue prints 
and specifications, but copies all computations, stress sheets, and 
data the construction, and practical details the work. Such 
information not only value relating the particular bridge, 
but will result more exact scientific data being obtained whenever 
such bridge under investigation. 

The scientific investigation the Niagara Arch was made 
financially possible through the courtesy George Burrows, Assoc. 
Am. E., President the Niagara Falls International Bridge 
Company, and Charles Riordon, President the Niagara Falls 
Suspension Bridge Company, joint owners the bridge. The field and 
office work were carried out with the assistance, during 1918 and 1919, 
dent Engineer construction was Reid, Assoc. Am. 
E.; and acknowledgment also made for the assistance rendered 
Bond, Chief Engineer, and Stuart, Structural Engineer, 
the Grand Trunk Railway, and Wolfel, Am. Soc. E.; 
also Dickinson, Superintendent for the Bridge Companies; and 
The Terry and Tench Company and the Lackawanna Bridge Com- 
pany, contractors for construction and fabrication, respectively. 
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AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


SIMPLE METHOD COMPUTING DEFLECTIONS 
CABLE SPAN CARRYING MULTIPLE 
LOADS EVENLY SPACED* 


This paper presents simple method for computing the deflections 
multi-loaded spans when the loads are spaced uniformly that can 
applied those calculations which are involved determining the 
length suspender rods for suspension bridges, the position the 
rolling loads aerial tramway cable spans, and the construction 
messenger electric transmission lines. 

First, general description the method computation and its 
dependence the theory first and second differences presented; 
then the derivation the several formulas involved, the proof the 
general case span the terminals which are different elevations 
and carrying loads and the solution examples are given. 

believed that the method simple appeal all engi- 
neers who have occasion make calculations this nature. 


The late Dr. Alexander Macfarlane delivered Lehigh University 
series lectures the prominent British mathematicians and 
physicists the Nineteenth Century. Among cthers, 
Charles Babbage the following anecdote: 


This paper will not presented for discussion any meeting the Society, 
but written communications the subject are invited for subsequent publication 
Proceedings and with the paper Transactions. 


Trenton, 
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Babbage was sitting one evening the rooms the Analytical 
Society Cambridge, dreamy mood, with his head leaning forward 
the table and table logarithms lying open before him. Another 
member entering the room and seeing him thus occupied, said: “Well, 
Babbage, what are you dreaming which replied: 
thinking that tables might calculated 
machinery.” This chance remark evidently caught his fancy, for 
shaped large measure the direction his subsequent career. 
became intensely interested methods for reducing the details 
computation, and for this purpose gave his attention the theory 
finite differences. 

Babbage probably best known the world large his ingenuity 
preparing the drawings for and partly building machines called the 
Difference and Analytical Engines. The British Government said 
have subsidized the construction the Difference Engine cost 
more than £17000. generally conceded that the principles 
established Babbage these devices pointed the way the develop- 
ment the modern computing machines. 

The fundamental idea underlying the method differences may 
illustrated the following properties the squares the natural 
numbers: 


For instance, write the squares under the numbers, can find 
their first difference subtraction. The second differences are found 
also subtraction the first differences and, this all are 
constant. 

For the sake illustration let assumed that the computation 
table squares the natural numbers complicated process 
and that are endeavoring discover method simplifying it. 

Upon examination the table squares and their first and 
second differences, will noted that only necessary add 
square the preceding first and second differences secure the next 
summation diagonal direction. Surely one would criticize 
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computation this sort because its complexity. This method 
may often used advantage computing logarithms and other 
transcendental functions where the nth difference not equal zero, 
for where certain number decimal places only are required 
possible secure difference which sufficiently near zero make 
practicable the use the method differences. 

seems that most engineers believe that the properties curves 
can only ascertained difficult methods computation. The 
calculation the deflections multiple-loaded cable spans excep- 
tion. The usual formulas given engineering handbooks for this 
purpose are either very complicated are based the assumption 
that the, concentrated load can considered uniformly distributed, 
and the practice has become more less general adopting graph- 
ical methods for solving the problem. The construction equilib- 
rium polygon for large number loads requires time and skill. The 
method which follows simple and direct that should known 
all engineers who have occasion deal with problems this nature. 

The curve assumed cable supporting multiple loads not 
considered continuous function, but, the contrary, consists 
parabolas which intersect beneath the successive loads with 


angle the tangent which equal the weight the 


load, divided the horizontal: component the tension the 
cable, Because this lack continuity, all equations for direct 
computation deflections are complex. 

Strange may seem, when the nature the curves con- 
sidered the second differences are found constant, similar the 


case for the table squares, and their value equal +wa), 
which 

Horizontal distance between loads; 

Horizontal projected weight per foot cable. 


When odd number loads are symmetrically placed the 
cable with regard the center the span, the differences, exclu- 
sive the slope increment, are equal one-half the second differ- 
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ences; that is, the first differences are wa] where 


the load spacing divided the span. 


this latter case the one which most frequently arises prac- 
tice, the computation the deflections such span the method 
finite differences becomes nearly simple the the 
table squares previously given. 


The derivation the formula for the deflection any point along 
suspended cable carrying equal loads evenly spaced, follows: 
find the deflection any point Fig. 


Let Number loads the span; 
=Distance (horizontal) apart spacing loads; 
Distance (horizontal) from first load; 


angle; 

Horizontal distance from left support 

R,= Reaction right support; 

Reaction left support; 

Weight per unit cable multiplied sec. 
Weight concentrated load. 


g | | a ——-—. 
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the direction the slope. 


form: 


Let 


Hence derived the general equation, follows: 


that is: 
and moments about 
that is: 
Consider any free section, such the left that is, 
between the pth and 1)th 
Then, 


Since the quantities entering into the foregoing equation are usually 
large magnitude, often preferable use the following modified 


: 1 
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then 


With single load only the center the span, the deflection 
the load 
Also, the deflection formula may altered give multiplier 


y= 


for for any number loads, namely, 


Case I.—Odd number loads, with the middle load placed the 
center the span: 


Case number loads, one the middle loads placed 


beyond the center the span. The deflection this load is: 


Case even number loads placed symmetrically the 
center the span. The deflection the cable the center the 


span is: 


The following tabulation for odd number equal loads, Case 
gives the center deflection terms 
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illustrate the method determining the center deflection 
these formulas, take, for example, the following span: 


ft. 
200 ft., that is, right support above left one. 
lb. 
3.6 lb-ft. 


204 ft. 

0.102 

Ib. 


will noted that when 204 ft., possible have the 
following arrangement loads: 

Case with fifth load center span. 

Case 10, with sixth load ft. from left support. 
Case 10, with sixth load ft. from left support. 
Case 

below left support. 


200 


Case 


123.15 44.88 105.10 
62.93 below left support. 
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Case 
000 
67.5 below left support. 


Proor Seconp ARE CONSTANT. 


prove that the second differences consecutive deflections 
equal loads and empty cable suspended span are constant, let the 
following formula give the deflection referred the left-hand support 
for any point, zy, Fig. 


gs 


where the notation before and 
ratio distance, (measured from left support), span, 


Before the value the second differences consecutive deflec- 
tions can found, necessary obtain their first differences; thus, 
the first differences between deflections any consecutive loads, such 
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and represent the deflections, may write, noting that 


Subtract Equation (2) from Equation (1): 
2 


The last term because the slope may positive negative. 
Equation (3) very important, permits ready computation 
the change deflection between adjoining loads. 


find the second differences: 


2 
Subtract Equation (4) from Equation (2): 


Subtract Equation (5) from Equation 


which the second difference and constant. 
When odd number loads are the span and the first differ- 
are desired between the deflection the middle load when 
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placed the center the span and those contiguous it, use may 


made the fact that under these conditions Equation (3) reduces 


will noted that the first part the one- 
half the value Equation (6) for the second difference. Therefore, 
the the second difference permits deriving the first 
differences for Case simple manner. Likewise, for Case III, 
the first differences are equal the second differences, slope factors 
ignored. 


The deflection the loads. and the tower heights will investi- 
gated for assumed span aerial tramway across the St. Law- 
rence River, ends the same elevation 0). 


Let Horizontal distance between supports 800 ft. 


A.—To find the approximate weight per foot cable: 

Because the great length span and the need for keeping the 
tower heights moderate possible, will necessary use 
cable steel capable working safely under tension 
per sq. in. sectional area. Since the total tension the 


table properties locked-wire cable shows the nearest size 
in. diameter, having listed weight 4.75 per ft. 
now necessary know the number loads (n) the 
span: 
The number loads one more than the integral portion the 
quotient obtained dividing the span the carrier spacing; that is, 


The distance, from the left-hand support the first load, when 
all are symmetrically placed with regard the center, found 
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dividing the difference between the length the span and the 
sum the spacing: 
C.—To find the deflection under the middle load the center the 
span: 
The center deflection for this case odd number loads 


98.71 152 250.71 ft. 
Because the large value the center deflection, more correct 
results can secured obtaining the projected weight per foot 


This found computing the approximate length, the 
cable the span follows: 


8 2 
2.667 152? 
4812.83 ft. 


The corrected weight cable per horizontal foot span then: 
4812.83 


some may question the propriety using the for- 
mula for the deflection the unloaded will interest 
compute its center deflection the well. The parabolic 
follows: 


4800? 


formula for the catenary is: 


Distance from the center the span the point, that is, 
for the center deflection, will have value one-half the 
span, 400 ft. 
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Comparing this value (152.24 ft.) with that obtained the parabolic 
formula shows difference 0.08 ft., which sufficiently close 
agreement establish the validity the calculations made that 
formula. 

Correcting the value the center deflection found Paragraph 
there obtained: 


the river clearance 160 ft., and the bottom the 
bucket the carrier will approximately ft. below the cable, the 
minimum height the shore towers will 170 251.03 421.03 ft., 
that is, may say not less than 425 ft. 

D.—To resume the the deflections, compute the 
second difference Equation 


375 


12.229 ft. 


E.—The first difference the center equal the second differ- 
ence divided 


The deflections may now tabulated Table Prepare 
column for each the thirteen loads. Write the center deflection, 
251.03 ft., under Load The first difference deflection between 
Loads and 6.1145 ft. The deflections for Loads and are 
found adding this quantity 251.03 ft., giving 244.92 ft. for each. 

The second difference now comes into play and should entered 
the same column the respective loads. There now Table 
the deflections under Loads and the first differences between 
Loads and and and and the second differences entered the 
load columns. 

find the deflection under Load the method shown for 
computing ‘the table squares, namely, the algebraic sum the 
deflection Load plus the first and second differences will give the 
deflection under Load thus: 


244.92 6.1145 12.229 226.57 


. 
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196.00 251.08 244.92 226.57 196.00 158.20 98.17 30.91 


TABLE INCLINED SPAN. 


Load. 
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or, the sum the first and second difference Load will the first 
difference between Loads and this case the value 18.344 
ft. The first difference between the deflections Loads and will 
the sum the second difference plus the first difference Loads and 
namely, 30.573 ft. 

this manner all the first differences deflections the several 
loads can computed addition. 

The accuracy the work may easily checked independent 
computation for the deflection any the loads, preferably the load 
nearest the support. The formula for the deflection under the load 
nearest the support is: 


which 


x 
= =v = 0.03125 


000 
12.46 18.44 30.90 


[13 0.03125) 6.09375] 


This checks the value 30.91 obtained the metliod differ- 
ences and shown Table 

further illustration the method, consider the case 
inclined ‘span 13-in. locked-coil cable, listed 7.3 lb. per ft., 
follows: 


lb. 

ft. 

154.4 

Difference elevation supports ft., that is, the 


right support higher than the left. 


The problem compute the deflection the several loads with 
reference the left support. 


: 
q 
34 
| 
4 
q 
q 
q 
i ) 
q 


METHOD COMPUTING CABLE DEFLECTIONS 807 


A.—To find the approximate weight cable per foot horizontal 
span: 


320 
10° 32’ 


sec. 1.0171 
Therefore, the horizontal projected weight per foot cable 7.3 

B.—To find second difference: 


154.4 
000 


find first difference: 


D.—To find the eenter deflection, for eleven loads: 


That is, the cable the center the span 1.41 ft. above the left 
support. 

Table can now prepared table deflections, follows: 
tively. Column the line deflections enter 1.41. Between 
Columns and write the first difference, 23.6434. Between 
Columns and write the first difference, 33.803. all the columns 
enter the second difference, 10.1596. The remaining first 
are found adding subtracting the constant second difference, 
10.1596, 33.803, and the successive sums differences obtained. 

The deflection for Load found adding the first difference 
the deflection Load giving 35.21. The deflection for Load 
deflection 22.28. The deflection for Load found previously 
indicated, the sum the deflection Load the first and second 
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manner, the deflections for Loads 10, and are obtained. 

The first difference between Loads and found subtracting 
the second difference from the first difference Loads and thus, 

The deflection Load 22.23, less 18.4838 gives 35.72, the 
for Load similar manner the deflections for Loads 
and are computed. 

check the accuracy the work the deflection Loads 
may ascertained independently thus, for Load which nearest 
the left support, the deflection given the following formula: 


gsr 


000 


13.937 6.497 16.371 15.21 ft., 


thereby checking the deflection Load within 0.01 ft. 
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UNITED STATES ARMY 


Discussion* 


his paper endeavored give brief but comprehensive outline the 
work sanitation which had been. accomplished the Construction 
the Army covering the period the war December, 1918. 
Special effort was made present the facts clearly and concisely 
possible, all references details office organization and personnel, 
structural details design, and other more less extraneous matter 
having been purposely omitted. felt that too frequently the tech- 
nical elements papers engineering subjects are subordinated 
those savoring, commercialism, and result the factors real 
value the engineering practice are often obscured. 
very gratifying that many engineers have responded the 
invitation discuss this paper. the writer’s estimation these discus- 
sions, most cases have effectually supplemented the paper and are 
themselves valuable contributions the literature sanitation. 
reviewing these discussions evident that interest 
has been shown the subject sewage treatment. had been antici- 
pated that more general discussion would brought out all 
including collection, classification and disposal solid wastes, garbage 


can-washing equipment, and incinerators, all these are important 
Discussion the paper Leonard Doten, Am. Soc. E., continued 
from January, 1920, Proceedings. 
Author’s closure. 
Washington, 
Received the Secretary, April 20th, 1920. 
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features present-day sanitation work and will greater impor- 
tance the years come. 

many requests, both verbal and written, have been received for 
data results operation sewage treatment plants, and for infor- 
mation the best methods operation, they will complied with 
quite fully this Furthermore, order correct false 
impression which prevails certain extent, the writer takes. this 
opportunity state that neither the tank designs nor any other sanitary 
devices illustrated described the paper are patented. 

The sewage tanks are different design from the European 
types, Cameron and Imhoff, which have been commonly adopted for 
use the United States, not strange that engineers unfamiliar 
with their development and having made only superficial inspection 
some the earlier plants the camps, should not readily appreciate 
the advantages certain details design. 

The adherents the Imhoff principle were quite prone use the 
term “sedimentation” referring the tanks, and were disinclined 
acknowledge any evidence showing that they were not only “sedimenta- 
tion” but also “digestion” tanks. Although opinion regard this 
matter has radically changed, yet probable that few are still 
unwilling admit the dual capacity the tanks. evident from 
their discussions* that Mr. Metcalf, Mr. Hill, and Mr. Fales are 
members the first-named class. The writer’s position this question 
was clearly stated his paper. fact readily substantiated that 

all the tanks are operated digestion tanks and are functioning 
successfully. 

Mr. Metcalf seems have been misinformed the meaning 
the instructions the 1917 general specifications relative require- 
ments for capacities tanks. The gross holding capacity was obtained 
multiplying the number representing the maximum population 
camp, determined the rated capacity the barracks and quarters, 
gal. The maximum population was used and not average. 
was assumed that the population would fluctuate widely. The large 
populations, numerous instances greatly excess the rated hous- 
ing capacity the camps, and the continuous occupancy the camps 
during the first eight ten months, were the result inadequate 
transport service due lack ships. During the latter part 1918 
this condition did not generally obtain, and the camp populations 
fluctuated much had been anticipated the early days the war. 

Mr. Hill’s certain points relating tank and grease- 
trap characteristics admirably frank that the writer feels there 
certain degree impropriety controverting his statements 
using data obtained from the plant Camp Merritt, where was 
one the supervising engineers during construction. The records 
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operation this camp, however, are more complete than the 
camps, for which fact are greatly indebted Capt. Paul Molitor, the 


officer charge the plant, and, consequently, most valuable not only 
answer Mr. Hill’s criticisms, but engineers interested the 
study sewage treatment processes. Although the results obtained 
the Camp Merritt plant are not superior those many the other 
plants, account the completeness and length period over which 
the extend, was concluded present the data graphical 
form. Attention invited Plate Furthermore, may 
interest Mr. Hill learn that lb. grease the aggregate 
was reclaimed Camp Merritt from the kitchen traps. The following 
quotation taken from one the monthly reports: 

“All grease traps were inspected four times during the month and 
and the grease removed total 19542 lb. being 
obtained, which was sold the Salvage Department for $781.68.” 

careful inspection the chart, Plate and from the quoted 
paragraphs from reports operation, will noted that the follow- 
ing are significant facts: uniformly high percentage removal 
settleable solids, irrespective season and rate sewage flow; 
rapid fluctuation rate flow and population; (c) digestion tanks 
going satisfactorily throughout the whole period; (d) very little 
odor about the plant; (e) effluent all times readily oxidizable con- 
dition; (f) all tanks were operating parallel. The effluent was 
treated with liquid chlorine and discharged into small tidal stream 
without creating any nuisance. this connection, attention called 
the quotation from Capt. Molitor’s report for September, 1919, which 
contained Mr. Sherman’s discussion this paper.* 

The following data are from reports operation: 

Camp Eustis, Va., August, daily sewage flow, 
732 580 units sewage disposal plant are oper- 
ation Sewage tank operation for month August was 
satisfactory. 1429 cu. ft. sludge were removed August 18th, from 
bays No. 2-A and No. 1-A. Sludge was dried out period five 
days and carted away farm.” 

From other reports received has been learned that forms 
the sewage these tanks, and that thoroughly digested sludge was 
produced about six weeks from the time they were first put into use. 

Camp Eustis, Va., September, following statement 
contained the monthly report prepared the Sanitary 
the camp and submitted the Surgeon General the Army: “The 
sludge was well digested and contained about 87% water.” Similar 
reports have been received monthly reports since that date. 

Camp Merritt, J., July, 1919.—“Average daily sewage flow, 
1789000 gal.” “The four tanks have been operation 


Proceedings, Am. Soc. E., October-November—December, 1919, 819. 


& 
= 
> 


Mr. 
Doten. 


812 SEWAGE AND WASTES DISPOSAL, ARMY Papers. 


during the month and are functioning normal and satisfactory 
manner, both clarification and sludge The sludge drawn 
from these tanks during the month was good quality, well digested, 
very dark color, and practically odorless, with the exception 
slight tar burnt rubber odor, which characteristic thoroughly 
digested sewage sludge. The dry sludge being carted away 
farmers used fertilizer. Weather conditions being favorable, 
this sludge would dry forkable condition from five seven days.” 

Camp Sherman, Ohio, April, new screens and grit 
chambers are operating satisfactorily and likewise the new sludge beds. 
The sludge thoroughly treated and dried that practically 
impossible detect any odor whatever the residual.” 


Fort Myer, Va., September, 1918.—The report Dr. Skinner 
and Mr. Sale states: 

“The sludge that removed from the tank disposed 
burying. not offensive, when dry, having only slightly musty 
odor. The appearance and odor this material, therefore, could not 
indicate its origin the uninitiated.” 


Camp Upton, Y., January, 1920.—The following endorsement was 
received from the Utilities Officer camp: 

“Returned, with the information that have experienced 
difficulty the operation the sewage plant, except the 
developing new tanks and new sprinkling filter the point maxi- 
mum efficiency, and that through our experience the. past seven 
months have arrived practically the same methods are 
recent ‘Instructions Relative the Operation and Maintenance 
Sewage Treatment Plants’, dated Washington, December 1919. 
have brought our practice into line with these where 


The stability from trickling filter for the preceding 
month was given per cent. 

The significance the preceding statements apparent those 
engaged the design the plants. misconception the part 
the earlier plant operators and their advisers the fundamental 
principles involved the processes caused great delay establishing 
effective and efficient methods. Since the stress conditions has 
somewhat passed, the writer has succeeded bringing about more 
uniform methods operation. complete revision the rules for 
the operation sewage treatment plants was made August, 1919. 
The following quoted paragraphs are taken from the revised operating 
instructions: 


flow through all tanks service. accomplish this, certain cases 
may necessary adjust the valves inlet pipe lines gates, 
distribution chambers. uniform depth flow over the weirs 
all tanks service indication proper distribution flow 
the several tanks. 
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provided, the operator shall use one time such number tanks Doten. 
will provide average detention period not less than six hours 
nor more than twelve hours. computing the detention period the 
entire capacity each tank should used. 


the first few months operation essential 
break the daily means hose stream aid some 
mechanical device order avoid the formation heavy scum. 

“When the bacterial development the tank, especially the first 
compartment, has reached certain stage, hosing required less 
frequently. 

“Seum formation varies considerably different tanks, being 
dependent upon certain characteristics the sewage. The important 
feature, not neglected any particular, the necessity pre- 
venting the formation dense thick mass scum. 

Treatment for Acid Sewage.—Wherever the litmus test 
shows acid reaction the raw sewage, milk lime should added 
quantity sufficient neutralize this acidity. The quantity lime 
required will vary from 100 500 per million gallons, depending 
upon the degree acidity the sewage. 

“10.—Transfer times may become necessary 
transfer partially digested sludge from the first compartment tank 
to. compartments, order facilitate digestion. This 
especially important where tanks are being used their maximum 
‘The transfer may accomplished either means 
gasoline-operated diaphragm pump, drawing down the liquid 
the last compartments through the draw-down valves and then trans- 
ferring sludge through the sludge lines. 

the sludge pipe system provided with direct connection 
with water distributing system desirable agitate the sludge 
the bottom the first two compartments the introduction water 
the sludge lines. This should done five-minute periods, 
weekly. 

should drawn only when 
thoroughly digested. Sludge the last compartment should re- 
moved frequently order obtain effluent low turbidity. 

“Sludge shall drawn into sludge beds depth not more than 
in., after which sludge lines shall drained filled with water, 
clarified sewage, avoid formation heavy deposits. Digested sludge 
should dry spadeable condition days, according weather 
conditions. When sufficiently dried, the sludge should removed from 
the beds and deposited fills disposed fertilizer. 


Operators’ records should kept the 
amount sewage treated; the maximum and minimum flow; the 
temperature the sewage; the amount rainfall; the quantity 
and detritus removed; quantity disinfectant used; the 
quantity sludge drawn the beds and dried; the results the 
tests above outlined; and the methods and cost rectifying any 
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regard Mr. Fales’ reference three standards efficiency 
for sewage tanks, the writer desires state that all three requirements 
have been fully met the tanks under consideration, shown 
results operation during the past two years. Mr. Fales’ observations 
were largely made previous the installation grease-recovery tanks. 
Consequently, did not have the advantage observing the satis- 
factory operating conditions which followed. this connection, atten- 
tion called the fact that the original sewage treatment 
Camp Dix, J., was constructed accordance with plans prepared 
the firm which Mr. Fales member. differed several impor- 
tant details from the standard plans the Construction Division. 
During the latter part 1918 this plant was considerably enlarged 
the addition tanks and filters the 1918 standard Construction 
Division types. This, with one other exception, the only plant that 
was enlarged the extent referred Mr. Fales having been 
recommended the Consulting Engineers. both places trouble was 
experienced operation account the acidity the sewage result- 
ing from low alkalinity the water. This condition has since been 
overcome and the plants are now exceptionally fine operating condi- 
tion. Grease traps installed the kitchens Camp Dix have in- 
tercepted grease, which has been sold for More 
than 180 tons grease therefore was kept out the sewage tanks. 

The plant Camp Dix, also that Fort Sheridan, presents 
interesting object lesson the effect baffling single-story tanks. 
The old tanks the former plant were constructed wood and con- 
tained simply narrow scum board the outlet end each tank. The 
new tanks have the standard type baffling and sludge dams, shown 
Plate IV, except that the baffles are constructed wood instead 
concrete. was found impossible times maintain the 
trickling filter serviceable condition when the old tanks were 
service, due grease and the carrying over gross suspended 
particles. the other hand, the new tanks with even shorter detention 
periods yield excellent effluent. The nozzles the old filter Fort 
Sheridan became clogged very short time when the old hydrolytic 
tanks were temporarily placed service, but the new tanks with about 
the same detention period remove from 100% all settleable 
solids. 

The Fort Sheridan plant has been service one year, and has been 
heavily loaded continuously during that period. further proof that 
there are gross particles suspended matter passing from the new 
tanks, found that the two fine-mesh screens located the effluent 
flume, shown Plate IV, intercept negligible quantities such 
matter. These screens have openings. 
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Mr. Allen’s discussion* deals wholly with the type tank which 
was adopted another Government Department, comment will 
made except state that the Great Lakes Naval Training Station 
plant was not functioning satisfactorily the time the writer 
inspected July, 1918, the aerating flume and rapid sand filter then 
being out service. much regretted that Mr. Allen did not see 
fit the type plant referred the paper, but assumed 
that his reluctance was the result lack experience with 
the camp plant installations. 

Mr. Kershaw’s very interesting. comparison 
the test data British camp sewage presented him with the 
results tests obtained camps this country, shows that the sewage 
the latter camps was much more concentrated and that the quantity 
suspended matter was much greater. The organic 
suspended matter content the camp sewages was one the sur- 
prising factors the sewage treatment problem. 

Judging from the description the typical sewage treatment plant 
adopted the British Government, concluded that the cost 
per capita for such plants, they had been constructed this country, 
would have greatly exceeded the cost the plants which were con- 
structed the Construction Division, 

When was learned that the Housing Department the United 
States Shipping Board had adopted the design plant described the 
paper its standard, the writer considered distinet compliment 
the Division, and especially later when known 
that this decision had been reached the result Hammond’s 
recommendation after making thorough inspection number the 
War Department sewage treatment plants. was reassuring find 
that engineer such broad experience, who had gone deeply into the 
problem, had reached conclusions very similar those arrived the 
writer. Mr. Hammond’s merits consideration 
all engineers interested this subject and should prove great value 
the advancement engineering practice sewage treatment. 

Mr. Besselievre§ has stated clearly the advantages resulting from 
close supervision sewage treatment plants the designing engineer. 
obviously the correct adopt that does not seem 
the writer debatable question. 

usually possible improve the grounds about plant small 
cost make them attractive landscape features.. This should 
done wherever practicable, stimulates pride the plant the 
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part the plant operator and municipal authorities and thus insures 
proper attention details operation and, consequently, satisfactory 
results unless the plant design grossly fault. 

order secure the best results with trickling filters, designers 
should careful observe the points relative details design 
dosing tanks and distributing pipe systems brought out Mr. Besse- 
lievre’s The advantages such designs may seen 
many the camp plants. The new filters Fort Sheridan, and 
Camp Dix, J., are good illustrations. 

The writer unintentionally omitted his paper state that the 
design tank shown Plate was not typical the earlier designs. 
Capt. Brown’s reference* that fact, therefore, appreciated. The 
design illustrated Plate one the last designs prepared the 
Construction Division previous the presentation the paper, and 
was included among the other illustrations show the latest practice. 
The design referred Capt. Brown typical the earlier practice 
illustrated News-Record, November 15th, 1917. 

The inclined baffle the outlet end the tanks was used early 
1918, but the inclined baffle the inlet end was not used until the 
latter part the same year. features, together with the sump 
the bottom each compartment, are included the present standard 
plans, will seen reference Plate 

Capt. Brown’s intimate knowledge the details design and 
principles operation evidenced the excellent description which 


has given the action which takes place the several compartments 


the multiple-compartment sewage tanks. also clearly describes 
the conditions some the camps previous the installation .of 
effective grease traps and the organization the operating forces. 

Mr. Perry’s well that Mr. Metcalf, relative 
the difficulties which might anticipated the withdrawal sludge 
from the compartments with pyramidal bottoms, not confirmed 
experience the operation the tanks. The sludge readily drawn 
from the tanks without interrupting their use; simply requires the 
remove sludge. The writer has not learned instance this 
kind during the past one and one-half years, since the early days 
camp occupation, when due misuse the collecting system 
lack proper attention operation, the sludge withdrawal pipes 
became clogged with old clothing, large quantities raw vegetables, 
sand and 

designers the past had devoted much study the design 
tanks meet the exact requirements each individual problem 


they have their endeavor fathom the mysteries Imhoff tanks, 


Proceedings, Am. Soc. January, 1920, 103. 
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their efforts would have met with much greater success. This state- 
ment prompted the expressions contained the following quota- 
tion from Mr. Perry’s interesting discussion 

“The writer cannot refrain from expressing his commendation 
Maj. Doten for not adopting some form the Imhoff tank standard 
the Construction Division. Due certain propaganda, almost all 
the laity and large percentage engineers regard the Imhoff tank 
panacea for all sewage ills. Indeed, was stated least one 
sanitary engineer, address convention Sewage Plant 
Superintendents, that the design the Imhoff tank totally satis- 
factory method treating sewage had been obtained. Those who have 
had with the operation Imhoff tanks, mildly speaking, are 
skeptical such assertion.” 

The last portion Mr. Perry’s discussion apparently relates 
conditions one the aviation fields with which neither the Con- 
struction Division nor the writer had any official connection. 
regretted that Mr. Perry did not bring out this fact more clearly. 

Work.—This paper would incomplete without 
least brief review the experimental work and tests made several 
the sewage treatment plants. April, 1918, Capt. Tucker and 
Lieut. Newman, Sanitary Corps Officers the Staff the Sur- 
geon General the Army, carried out series tests the camp 
sewage treatment plant Fort Myer, Va. May the same year 
similar tests were carried out the Camp Meade plant. Each these 
tests period seven days. Samples the raw sewage, tank 
and filter were taken the Fort Myer plant 15-min. 
intervals. The work was out, proper allowance being 
made for the variable rates flow weighting results analyses. 
result this investigation Capt. Tucker arrived the following 
conclusions: 

“(a) The sewage the cantonments strong and concentrated, 
more comparable that produced European cities than our 
American cities. 

The sewage delivered the treatment plant 
fluctuating rates, but due the routine activities the camps the 
periods maximum and minimum flow occur practically the same 
time The maximum rate about twice the average rate and the 
minimum less than one-fourth the average. Knowledge the daily 
flow and the variations flow the greatest importance since 
determines the design the sewage treatment plant. 

The sewage contains abnormal quantity grease which 
should recovered both account its economic value and because 
hinders the bacterial activities essential the digestion solids 
the sewage treatment tank.” 

The average grease content determined the series tests 
Fort Myer was approximately 115 parts per million. The tank removed 
71% the total suspended matter, 72.5% the volatile suspended 
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solids, and 77.6% the fixed suspended solids. determinations 
were made with conical glasses obtain the percentage reduction 
settleable solids. was found that the crude sewage contained 
average 717 parts per million volatile solids and 500 parts per 
million volatile suspended solids. The conclusion was reached that 
“allowing for variations flow, accumulation solids, and digestion 
solids, would ‘appear that gal. per capita should the least that 
should considered arriving the size the tanks for the various 
cantonments.” 

June, 1918, following these tests, effective grease traps were 
installed all the company kitchens the camp Fort Myer, Va. 
The effect the removal large quantities grease from the kitchen 
waste water was very noticeable the improvement which took place 
the sewage treatment plant. 

Following the installation these traps, Capt. Tucker carried out 
interesting series experiments determine the efficiency 
the traps. The report too voluminous incorporated this 
discussion, but the following are some the conclusions reached: 

“Therefore unit capacity 0.5 gal. per capita ample size for 
any grease trap. 

“The attached curves show the efficiency grease removal 
trap 115 gal. with respect rate flow gallons per hour 
and temperature the effluent. The conclusions drawn from 
these curves are that: (a) Efficiency not reduced appreciably with 
ordinary flows which vary from 150 gal. per hour, and there 
considerable loss efficiency when rates are above 150 gal. per hour— 
other words, when the flow per hour less than slightly more than 
the capacity the trap, good grease removal can expected; 
rates per hour 100 200% higher than the capacity the trap there 
marked reduction efficiency; (b) temperature effluent has but 
slight effect except when accompanied high rates flow.” 

From the results these tests and others that were carried out 
under the direction Mr. Dunning, the Construction Division, 
Fort Myer and Camp Meigs, the was drawn the 
writer that grease trap suitable for camp use should have capacity 
about gal. per capita; that should designed that the settle- 
able matter would not retained the trap; was very important 
keep the velocities the traps low possible; and that the 
cooling the liquid was less importance than the control currents. 
These ideas, together with the large liquid surface area for the collection 
the grease scum, were the most important factors entering into the 
design the trap adopted the Construction Division standard. 

The examination the sewage Camp Meade, which was made 
Lieut. Newman, May, 1917, confirmed large degree the conclu- 
sions previously reached Fort Myer relative the camp sewage 
characteristics. was found, however, that the grease content Camp 
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Meade was considerably higher than that Fort Myer, averaging 


about 154 parts per million. 

The experimental work carried out Fort Myer and Camp Meade 
April and May, 1917, Capt. Tucker and Lieut. Newman, was 
much value determining the characteristics camp sewage and 
bringing about better operation plants. 

series tests determine the the raw sewage 
and the efficiency the tanks the removal suspended matter was 
carried out Camp Custer, Mich., Capt. Hoover, the Con- 
struction Division, and Capt. Daniels, the Sanitary Corps, 
the fall 1918. The tests began August 9th and terminated 
November 15th, and were made before grease traps the improved type 
were installed. From these tests was found that the average total 
suspended matter the raw sewage was 594 parts per million, and the 
average volatile suspended matter was 476 parts per million. These 
results were obtained from continuous records covering period 
days. The water consumption during that period averaged gal. 
per capita. The results the tests checked closely with the earlier 
tests Fort Myer. 

September, 1918, chemical and bacteriological examination 
tank and trickling filter effluents was carried out Dr. Skinner 
and Mr. Sale, the Bureau Chemistry, Department Agri- 
culture. This investigation covered the period from September 18th 
the 24th, inclusive. The following are brief extracts from the interest- 
ing report submitted them result that investigation. More 
complete data are given paper recently prepared them and 
read before the American Chemical Society, St. Louis, Mo., April 
15th, 1920. 


“Data from the Boston and Reading plants are given for comparison: 


Septic effluent, 
parts per Average. 
Total organic nitrogen... 4.7 Boston, Fort Myer 
Oxygen required........ 26.0 Reading, 1909. 32.0 
Trickling filter 
effluent, 
parts per million. Average. 
Total organic nitrogen... 3.4 Boston, Fort Myer, 1918 


study the data tabulated above shows that greater nitrification 
effected Fort Myer than Boston. The reduction total organic 
nitrogen and free ammonia, and the increase nitrate the trickling 
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Various Unitep States Army 


Data Compiled from Daily Records for 1919. 


January. March, April. May. June. July. August. October. 


TANK AND FILTER TREATMENT 


TANK TREATMENT ONLY 


Percentage settleable solids. New filter. Data incomplete. 


Percentage relative Stability. 
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filter effluent Fort Myer are greater magnitude than those obtained 
Boston. The low free ammonia figure and the high nitrate figure 


the Fort Myer trickling filter effluent are significant and indicate that 


very satisfactory oxidation was taking place the period 
observation.” 


extensive chemical bacteriological work has been undertaken 
recently any the treatment plants. The monthly reports contain 
the following data: Total flow million gallons per maximum and 
minimum rates flow per hours; amount precipitation each day; 
temperature sewage inlet plant; quantity screenings and 
detritus removed; daily statement the number of. tanks 
service; settleable solids (2-hour periods, cubic centimeters per liter) 
raw sewage, tank effluent and final effluent; the quantity sludge 
removed, yards; condition filter beds; relative stability 
the raw sewage and final effluent; and details relative use 
chlorine, From these reports Table has been compiled show 
the results obtained sedimentation and stability filter effluents. 


SusPENDED 


sewage. sewage. 

East Cleveland...... June 26-27, 1906 000 11.2 210 400 

East Cleveland....... July 11-12, 1907 390 000 10.4 110 180 

June 21-22, 1906 181 000 5.2 

June 24-25, 1907 204 000 4.6 150 

Kenton, District...| October 1906 000 220 180 

June 12-14, 1907 150 000 6.2 100 140 

April 9-11, 1907 578 000 —12 
Soldiers’ 

Sandusky, Soldiers’ 

and Sailors’ May 8-9, 1907 174 000 


Suspended matter nearest parts below 100 and nearest parts above 


Table from “Sewage Treatment”, Messrs, Kinnicutt, Winslow, 
and Pratt, page 164, inserted here for the purpose comparing the 
sedimentation capacities the sewage tanks 
and the Cameron tanks. Although the data given Tables 
and are not. directly comparable account the that the de- 
terminations have not common basis, nevertheless quite evident 
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derived from sludge dams and baffles such are used the former 
tanks. 

the writer’s that the importance baffles sewage 
tanks has not generally been fully appreciated engineers. The re- 
sults tests covering long periods demonstrate conclusively that the 
baffled tanks provided with sludge removal pipe lines are much more 
efficient sedimentation than the rectangular tanks, which are simply 
provided with one two scum boards, and are not equipped with ap- 
paratus for the removal sludge from the outlet end. this 
nection the following quotation from Mr. Arthur Martin’s recent 
inaugural address President the Association Managers Sew- 
age Disposal Works England, especially interesting and signifi- 
cant: 


“More pains might with advantage taken free tank effluent 
from suspended matter before filtration. tank the partially 
digested sludge accumulates the outlet end and decomposition 
proceeds gives off great deal gas which breaks the deposit and 

brings large quantities the surface, where carried over 
with the effluent. This fouling the effluent would not occur out- 
lets for sludge were provided the outlet end the tank and regu- 
larly used. following precipitation tank practice one frequently 
finds the sludge valves placed the inlet end.” 


The data contained Table indicate that 5-ft. filter beds yield 
effluents excellent quality. This would not the result the long 
period dosing commonly used the design municipal plants 
had been adopted. The humus from these filters free 
from putrescible matter. consequence, there little gas disturb- 
ance the secondary sedimentation tanks, with the result that the 
effluent exceptionally free from suspended matter. The humus dries 
readily drying beds and without odor. 

Deep trickling filters, the other hand, often produce humus 

which decidedly putrescible and objectionable account the 
bad odors which develop during the drying process. The odor factor 
undoubtedly due large extent the presence decaying worms 
and other organisms which are deposited the secondary sedimentation 
tanks. This condition especially noticeable the Fitchburg, Mass., 
plant, where the filters are ft. depth. 

the writer’s opinion that future practice the local require- 
ments degree purification should more carefully taken into 
consideration designing the secondary treatment works. There are 
all gradations such requirements, varying from the quality 
good tank effluent that the best possible effluent from trickling 
filter from the activated sludge process. does not seem 
consistent, therefore, install filters the maximum capacity for 
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oxidation and nitrification where slight degree purification would 
meet the requirements. illustration, coarse rock filter, ft. 


depth, operating high rate per acre, would yield effluent 
some cases sufficiently stable meet the local demands. 

Where conditions not admit the construction trickling 
filters for use the secondary treatment sewage believed that 
future practice will include designs plants which incorporate the 
best features both types plants, sewage tanks with trickling 
filters and the activated sludge process. The cost treating the 
from tanks the activated sludge process would much 
less than treat the entire sewage that method. Such com- 
bination plant would also have the advantage making possible 
pre-treat the raw sewage before its entrance into the digestion tanks, 
eliminate foul odors from stale sewage. The difficult problem 
dealing with the large quantity sludge from the activated sludge 
process would also solved. This matter has been given considerable 
study the writer, and plans are now under preparation for developing 
plant this type, order deal with problems where such condi- 
tions limited area, proximity habitations, and high degree 
purification are controlling factors. However, the writer wishes 
distinctly understood that considers the tank and trickling filter 
treatment sewage the most practical and efficient method for general 
use the present time. only the adoption the best elements 
and the elimination the impracticable features that practice this 
field engineering may brought high degree perfection and 
standardization. Cost construction would then lower and opera- 
tion more uniform and 

The problems dealt with during the war the writer 
have been very interesting. this work has been ably assisted 
engineers broad experience and those having special qualifications 
for the service. The writer refers particularly the following engineers 
whose services have been exceptional value: Brown and 
Besselievre, Associate Members, Am. Soc. E., and Messrs. 
Renwick, and Sherman. 
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THE SILT PROBLEM THE ZUNI RESERVOIR 


Discussion* 


the Zuni Reservoir has been the subject great deal study, 
which its seriousness certainly warrants. 

When the construction the dam had been completed, John 
Harper, Am. E., estimated, from such information 
had gathered during the years spent there, that the probable life 
the reservoir would thirty-five years. Mr. Robinson, who succeeded 
Mr. Harper Engineer charge the project, has shown his paper 
that the inflow silt has been even more rapid than was predicted 
Mr. Harper. 

Several plans looking toward the disposal this accumulated silt 
deposit have been proposed, none which but has one more insuper- 
able objections. The writer has spent some time this project and 
has made more less thorough study the silt question. After 
having considered the disposal plans offered, reached the conclusion 
that the solution the problem lay the direction prevention 
rather than disposal. other words, be, content with the 
present capacity the reservoir and turn attention the prevention, 
any rate the greatest feasible degree diminution the inflow 
silt. When search was made for literature the subject pre- 
vention, was found that there was almost none, although great 
deal has been written about silt disposal. 


Discussion the paper Robinson, Assoc. Am. Soc. E., continued 
from February, 1920, 


Author’s closure. 
Supt. Constr., Indian Irrig. Service, Albuquerque, Mex. 
Received the Secretary, April 12th, 1920. 
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The topography the water-shed area this reservoir such that 
the average fall the watercourses steep and the resulting velocity 
The soil, for the most part, very fine alluvium, depth 
from ft., most admirably adapted for rapid erosion even slowly 
running waters. The majority the rains the water-shed are 
violent showers short duration, which are also conducive rapid 
erosion the soil. The soil never found moist more than 
few inches below the This due four 
annual rainfall small, perhaps never exceeding in.; second, the 
steepness the slopes; third, for number years the water-shed 
area has been overgrazed the hundreds sheep and goats which 
the Indians have pastured there; and, fourth, combination the 
violent character most the rainfall and the fineness the soil. 
This fourth reason probably requires little explanation. well 
known that sack flour dropped into water, impervious coat 
paste will form around the outside and protect the interior for long 
time from becoming wet. This same phenomenon occurs this water- 
shed. Many times the writer has gone out after one these storms, 
lasting from hours, and has found this almost impervious coat 
wet mud, only in. deep, and perfectly dry soil underneath. 
This latter condition results extremely rapid run-off the rain- 
waters, and sudden accumulation large flows the main water- 
courses which scour the stream beds extremely high rate. 

obvious that some means adopted retard the velocity 
these rain-waters and hold them longer the water-shed, the two 
results most desired would accomplished. This the statement 
the possible solution, and very simple. its practical 
application will found considerably- more complicated, and 
much more thorough and careful examination the ground must 
made than opportunity yet has offered. The plan, therefore, can 
stated only general terms. 

the whole area the water-shed indented with 
numerous small gullies, which, running together, form larger ones; 
these, turn, form still larger ones, and on, until the main water- 
courses are reached. check the velocity the, water these 
gullies requires simple rock and brush structures varying size and 
manner building with the size and shape the respective gullies. 
There abundance cedar brush and rock immediately hand, 
and the cost materials should low. Care must taken the 
location and. construction these checks. writer has seen 
numerous attempts this sort work fail reason improper 
construction both. The water must not allowed 
run around the checks and form new gullies. One instance recalled 
which check this kind built gully protect road, simply 
diverted the water few feet and now the new gully larger and 
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deeper than the former one. The checks must built pre- 
vent scouring out deep holes just below them. This difficulty also 
frequent The spacing the checks must also receive 
attention that the velocity the water will approach some- 
where near that determined upon. This, course, depends the slope 
the ground each case. 

The work construction should not expensive. Over water-shed 
659 sq. miles, large number these checks, course, will re- 
quired and the total cost will amount fairly large figure. One 
point determined “Will the results warrant the expense?” 
the hand, the writer’s opinion that they will. Two main 
benefits will result from this plan. The first and most necessary the 
prevention material diminution the inflow silt the reservoir, 
and the second, increase the absorption rainfall the soil. 
The secondary benefits derived from this last-named item will 
inereased vegetation and very considerable increase the flow 
clear water down the stream. 

whether the first result warrants the expense, the following 
considerations are the determining factors. The present maximum 
capacity the reservoir acre-ft. During 1919 there was de- 
posited the reservoir quantity silt equivalent 1250 acre-ft.; 
should that rate deposition continue, will take seven years fill 
the reservoir completely and destroy its usefulness. 

cannot said offhand just what percentage the erosion will 
prevented the plan proposed. is, however, conservative estimate 
that its quantity will cut least half; and that assumption, 
the life the reservoir can doubled. When considered that 
the cost the construction this dam has been upwards $300 000 
and that because the construction the dam, the Indians have been 
induced cultivate more than 000 acres land, the success their 
crops being dependent almost entirely the water stored this 
reservoir, one would say that prolonging the life the reservoir only 
seven years would fully warrant the total probable expense. certain 
that argument would needed convince the Zuni Indians that. 

the first opportunity, careful and thorough examination the 
water-shed will made and cost estimate prepared. probable 
that experience will dictate the construction number different 
forms these checks. The writer’s idea present that most 
them will simple rock and brush construction, built with- 
stand the flow that likely come them, and nothing more. 

more than probable that the full effects this checking system 
will not apparent for the first two three years, there will 
large increase the absorption the rainfall the now dry 
and thirsty soil and this, hinted previously, would cause benefits 
least three ways: First, there would sure increase the quantity 
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vegetation the water-shed area which itself would assist further 
retarding the rainfall, the effect being accumulative; second, the slowly 
percolating water would eventually reach the reservoir clear instead 
being heavily laden with the destroying silt the present con- 
dition; third, equalization the flow the stream would result, 
making more certain the water supply times when 
two three dry years 


previous the silt problem the Zuni Reservoir, 
referred the comparatively brief life storages 
streams unless some plan desilting was devised. Since that time his 
attention has been called Hill, Am. Soc. E., former 
Engineer the Reclamation Service, who had much with 
the preparation and execution the plans for the Elephant Butte 
Reservoir the Rio Grande, the fact that provision has been made 
for lengthening the life and usefulness this reservoir another 
way. 

This provision follows: Instead building reservoir capa- 
ble only meeting the demands the land was irrigate, the 
height the dam was increased give the reservoir large 
excess capacity. This excess great that estimated will 
years before the silt deposited will begin reduce the 
capacity below the needs the irrigated area. When that time ar- 
rives, the foundations and side-walls the reservoir are such 


‘character that the height the dam can raised successive stages 


prolong the useful service the reservoir for 300 years. 

Such duration removes this reservoir the list temporary 
storages. Although does not render permanent, does make 
feasible financially meet the expense later storages higher 
stream. The cost the impounding dam the Elephant Butte Res- 
ervoir would not lost when the reservoir silted up, the dam 
will have great commercial value for the generation power. 

The writer has also learned that provision for similar excess stor- 
age was made the Roosevelt Dam and Reservoir. For many years 
silting will not encroach the required volume stored water and, 
Elephant Butte, possible increase the thickness and height 
the dam prolong the useful life this reservoir for cen- 
turies. 

The writer did not have the Roosevelt Dam mind his refer- 
ence this subject, the higher reaches stream where 
erosion can greatly retarded preservation the forests and 
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vegetable growth the water-shed the reservoir. was thinking 
more reservoirs built the lower courses streams, but makes 
this correction order avoid having his comments given broader 
implication than was intended. 


writer’s paper contained records the end 1918. year has 
passed since then and the records for 1919 are now available. (See 
Tables and 6.) 

Soundings were made January, 1920, and was found that the 
silt deposit had continued, and what was more regrettable, that the 
was greater than had been anticipated. was found that 
1248 acre-ft. silt had been deposited, while the average annual 
deposit for the period 134 years under consideration was only 557 
acre-ft. 

greater quantity might have been expected, for the run-off was 
473 acre-ft. water against average for the period 648 
acre-ft., though observations had led the conclusion that the average 
deposit did not depend the amount run-off, but was fairly con- 
stant. (See Table 4.) 

The average silt content the water during 1919 was 2.66%, 
the least percentage recorded except that during 1918, which was the 
year the greatest run-off. 

The statement was made the paper, page that: 


“It generally believed that the quantity silt carried any 
stream largely proportion the magnitude the floods, but, 
according the records Zuni, little relation found between the 
magnitude the flow and the silt carried.” 


Since this statement was made, the writer has given the matter 
considerable thought and with the additional information secured dur- 
ing 1919, has decided that his former views were erroneous and that 
there relation between the run-off and the percentage silt carried 
the water. believes that may stated general proposi- 
tion that the percentage silt carried the water certain 
inverse ratio the magnitude the run-off, within, yet, undeter- 
mined bounds. 

any considerable water-shed well understood that any par- 
ticular run-off may come from only portion the entire water-shed, 
and that the amount erosion this particular run-off will depend 


the nature the soil that locality, that two separate 


about the same magnitude may carry different quantity silt, 
owing the different geology and topography the particular area 


Albuquerque, Mex. 
Received the Secretary, April 12th, 1920. 
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TABLE Deposir THE ZUNI RESERVOIR. 
All Capacities and Silt Deposits Acre-Feet. 
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Original June, January, January, January, January. Januar Total 
Percentage silt 5.4 7.3 0.58 12.5 2.66 1.99 
Percentage remaining original 82.3 69.2 58.8 46.0 89.3 
Lost capacity per year percentage ........ 4.4 8.8 5.2 6.7 
Contour 000: 
Lost capacity per year percentage ........ 2.9 5.6 8.48 2.1 
Life reservoir, Contour 990 years. Spillway Contour 991. Capacity between Contours 990 and 991 507 acre-ft. Life reser- 
voir, Contour 000 82.4 years. 
i=) 
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affected. The varying character the storm will also affect 
rapidity the run-off and, consequently, the amount erosion; 
long, steady precipitation would cause little erosion while heavy 
downpour short duration would bring down large quantities silt. 

studying the periods run-off between the times when the 
silt deposits have been determined, has been found that there are 
six such periods, varying from 323 acre-ft. water for minimum 
the largest one with 226195 acre-ft., and carrying average 
from 12.5% for the smaller run-off 0.58% for the greatest. These 
run-offs with the silt content expressed percentages have been plotted 
cross-section paper, and tentative curve (Fig. has been drawn, 
which fits the plotted points fairly well. 


January, 


January 


January, 


January, 


Januar 
1919, 


000 811 969 682 562 218 540 292 


With greater number points plot along this curve, 
believed that fairly typical and quite accurate curve might pro- 
duced, which would shed considerable light this question, hitherto 
considered. 

With the meager data hand which work, these conclusions 
may erroneous, but they are submitted for the consideration the 
Engineering Profession with the hope that more light may shed 
the subject. 

The writer has read the Capt. Jarvis with great 
interest, and concurs with him practically all his statements. The 
point made the difference between the apparent and actual capaci- 
ties reservoirs countries where the floors and sides such reser- 
voirs may gravel other loose material and where comparatively 
large quantities water may stored the interstices, which re- 
appear, the water recedes, the form seeps springs, good 
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Total run-off for 1906 and 1907, acre-ft. 
January June, 1908, 200 acre-ft. 

July September, 1908, 900 acre-ft. 

October, 1907, June, 1908, 500 acre-ft. 
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100 660 100 800 275 600 860 726 
150 500 740 820 505 760 697 
340 880 450 068 102 422 386 
=) 
run-off, 1906 1919, inclusive, 878 252 acre-ft. 
ie 
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one, and has been observed. Unfortunately, however, such condition 
does not obtain the Zuni Reservoir which situated country 
formed almost entirely sedimentary stones which disintegration 
form very fine sand silt; gravel unknown that section. With 
such material, the actual and apparent capacity will coincide closely. 

The discussion and suggestions for removal the sediment are 
valuable and instructive, but for practice, this particular case, engi- 
neers are again handicapped there waste outflow low level, 
the only openings provided construction being number 15-in. 
gate-valves the outlet tower, placed varying elevations, the lower 
ones which have already been buried the silt deposit. 

The writer also concurs the statement Capt. Jarvis that the 
preferable way prevent excessive sedimentation prevent erosion. 
The valuable discussion presented Mr. George Post, who has 


‘looked over the situation the ground, covers this phase the ques- 


tion considerable detail, and the writer desires offer his thanks 
for the suggestions presented. The discussions offered both Capt. 


Jarvis and Mr. Post are constructive and doubly valuable from that 
standpoint. 
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THE “LIGHT RAILWAYS” THE 
BATTLE FRONT FRANCE 


Discussion* 


ice with the American Expeditionary Forces France was first 
Quartermaster, then Deputy Chief Staff combat division 
(77th Division), and, finally, member the General Staff the 
First Army. The division was attached the British Expeditionary 
Forces April, after the opening phase the 1918 German offensive, 
the right the British front, Picardy, and during the 
phase, the left, where the offensive was directed toward Hazebrouck, 
the Hazebrouck During the third phase (on the left the 
French front, toward Paris) the battalions one infantry brigade (the 
154th) were put the line the new Picardy front. Then the division 
was moved the Lorraine front, where was brigaded with the 
French, Baccarat. The headquarters the First American Army 
were formed near Chateau Thierry, Ferte-sous-Jouarre, July, 
1918, and the speaker joined the same month, serving turn 
Secretary G-3 (Operations) and Chief Sub-Section, through 
the “Second Battle the Marne” and through the preparations for 
the reduction the St. Mihiel salient. 

Two types narrow-gauge field railways were actual use the 

different fronts. The French used both the 60-cm. and 40-cm. gauge 

track, but the difference between the two types was one character 

rather than gauge. The British distinguished them calling one 
type “light railways” and the other 


Discussion the paper Frank Jonah, Am. Soc. E., from 
April, 1920, Proceedings. 
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The French staff maps show the many meter-gauge railways 
Belgium and France “tramways”. There will confusion 
terms when remembered that these tramways are privately owned 
roads and the narrow-gauge field railways under discussion are purely 
combat railways. 

The so-called tramways were the field railways the forward areas, 
beyond reach other railways. They were built track the 
portable type. Tram locations were made with more cunning, 
woods, folds the ground, trenches, and with less regard 
limits grade curve, than were for the light railways. 
They were operated light tractor, gravity, horse mule, man 
power. 

result experience with movements the battle line, there 
was tendency build the main forward tram lines 60-cm. gauge 
tracks and the same weight rail that used for the light railway, 
and locate them with view pushing them forward, following 
advance, and then developing them light railway lines connection 
with the enemy systems field railways. The ordinary function 
these tramways was supplement the regimental horsed transport, 
and pack mules and carrying parties the trench 

The British had used 9-lb. tram rail, but afterward this lighter 
weight rail was reserved for short lines, between artillery dumps 
and battery positions. was not necessary that the tramways, 
lines supply distribution the trench areas, should take off from 


light railways; they were useful from the railway road 


dumps. 

Referring the map (Plate I), the. standard-gauge railway— 
Conflans-Baroncourt-Longuyon-Montmedy—circling the Briey iron 
district, was the main supply line the Army the West. This line 
was highly improved, double-tracked road paralleling the front from 
Switzerland the North Sea—a general, the 
narrow-gauge field railways were located the zone between the 
main supply line and the battle line, all the fronts. 

the front from the German side, the strong Verdun salient 
threatened the main supply line. The Germans had one other way 
around, namely, the standard-gauge railway north way Thion- 
ville Luxembourg, where connection was made with the Coblenz- 
Luxembourg-Namur-Brussels line. These supply lines were cross-con- 
nected, notably Longuyon, important junction with many long 
sidings. 

The German right the Verdun salient was the American Meuse- 
Argonne front. Here, the field railways appear typical area systems. 
That the extreme right was located and about the Argonne Forest. 
the close the war, the German light railways had reached depth 
about miles from the organized front. They paralleled standard- 
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roads and, frequently, canals. 

the Services Supply, the assimilated organiza- 
tion, was bring the supplies points within convenient reach 
the troops. the Western Front, standard-gauge and meter- 
gauge railways, navigable waterways, and roads were used for the bulk 
shipments, and the rail, water, road-heads were 
any time they could worked. the war these were gen- 
erally nearer the front than they were later, when heavy artillery was 
commonly used. The most important instance long-range shelling 
mobile guns was the shelling points Longuyon and elsewhere 
the German main supply line the closing fortnight the war, 
carried out the American railway naval batteries from the tracks 
the northerly Verdun. The ranges exceeded miles. 

The the front, where the tramways were used, 
comprised belt from miles depth either side the 
battle line. They were under intensive enemy observation, the 
smallest detail visible activity the least sound that could 
heard, and were more less devastated, depending the liveliness 
the They were occupied the infantry divisions the 
line, which also operated the The devastated area, in- 
cluding the zone between the organized front lines. 
averaged about miles depth, and that was about the average 
distance between the light railway forward dumps the opposing 
sides. Following advance, the light railway troops pushed the 
tram lines forward with great rapidity and the same time they 
brought tramway materials for road work the devastated 
area, ammunition the advance artillery positions, and carried 
the work improving the tramway roadbed and clearances that 
locomotive-hauled trains forward. .The lateral tracks the 
rear the divisional areas the map (Plate suggest the location 
the forward light railway dumps; also that the light and heavy 
artillery position zones. any sector under preparation for 
where tram line had been located suitably to. connect 
forward, where conditions had changed the relative this 
respect, the light railway troops built one more such lines with the, 
sole view pushing them forward, 

intermediate area either side the battle line, depth 
about ten miles, was the light railway distribution zone. This 
was the great dump area corps and army, for artillery and engineer 
supplies. the rear areas the light railways tapped the different 
supply heads the army, with break-down connections alternate 
heads. The vulnerability all field railways the 
use many lateral tracks, which were equally useful short-cuts. 


gauge railways forward from about that depth which were, many 
places, combat railways that gauge. They also paralleled good 
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Elsewhere the map the German field railways formed networks 
overlaid systems. That opposite Verdun suggests the extraordinary 
offensive-defensive ground organization the tip the salient, here 
contact with the Hindenburg lines field fortifications the 
region French Lorraine, which they enveloped. These may 
traced roughly through the light rail-heads the general direction 
northwest from Thiaucourt Stenay, the battle line the 
base the St. Mihiel salient. 

The German left the Verdun salient, the French left the 
St. Mihiel salient, the front may viewed, occupied difficult ground 
for operations large scale either direction. Northwest 
Combres the Germans were contact with the permanent outer 
defences the French frontier—a line forts connecting the for- 
tresses Verdun and Toul, here the high ground east the 
Meuse River and commanding the plain the Woevre. Combres 
and Apremont the battle line entered the heights, cutting the Meuse 
Valley communications the fortress Verdun. The railway line 
Maurice- 
Combres—before the war meter-gauge railway through Eix and 
Ornes Montmedy, meandered the plain the foot the heights, 
which rise more than 300 ft. above. Vigneulles there hole 
valley through which small stream, the Ruisseau Creue, flows 
from the plain the river. The Germans built standard-gauge 
branch from Chambley, the main line, crossing the Woevre 
point between Vigneulles and Creue the entrance the hole, which 
was doubled light railways that tapped both the main line and the 
other standard-gauge railways out the end the branch 
close under the heights, they built large depot and light rail-head; 
their light railway yard was located Billy-sur Cotes, nearby, and 
there were ammunition dumps, hospitals, well apart 
the same The artillery the heights mostly faced the French 
the Valley the Meuse. the reverse slopes—toward the plain— 
were improvised billets. The field railways the heights comprised two 
systems, one north and the other south the hole. The system north 
was reached funicular lines, from the Billy Yard and from the 
depot, near Creue, and one grade line the shape horseshoe 


-curve, toward the St. Remy Woods. The system south was reached 


two lines, one grade line that climbed the southerly slopes the 
Valley, toward Chaillon, and the other line that occupied the 
reverse slope Heudicourt where the grade was about per cent. 

The forward areas sloped irregularly toward the Meuse and could 
have been reached directly only way the Creue Valley. The 
French had good observation that valley; few gas shells judiciously 
placed the daily shelling programme could have compelled reloca- 
tion the supply approaches, had the valley been much used. These 
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considerations will illustrate the following point: The location 
railways the combat area tactical problem and then technical 
one, for which reason plans for railway lines came under the super- 
vision Staff agencies whose business was know all about the 
enemy and our own troops, situations, intentions, and the like, 
supply arrangements. There was not the situation one 
service doing one thing, and another something else, each according 
its own ideas traditions; but all were brought together and under 
the same orders through staff that possessed enormous facilities 
for keeping touch with the needs every point and every hour 
and the authority direct, the name the command, what should 
done. For the first time the history the American Army, every 
activity the American France came under General Staff 
control. 

Toward the Toul front were elements line defense that 
paralleled the rallying line before referred to, from the Moselle River 
Thiaucourt, running thence southwesterly direction the foot 
the heights, and may roughly traced through the light rail-heads 
the general direction Woinville, which were front this posi- 
tion. The group German railways east Thiaucourt were 
broken ground above the Moselle. 

The French rail-heads appear the map farther back the 
battle line than the German heads. The German defences were organ- 
ized heavily the first line, the French some miles back. Flirey, 
the French outposts were close yd. the enemy trenches, but 
the battle line was rear Bernecourt, miles back. Moreover, 
many the French light railways served the permanent forts around 
Toul and Verdun. The map (Plate not average section the 
front. shows the most vulnerable section the German front, 
which will explain the great mileage German railways there; but 
the French Third Army alone had 500 km. light railway lines its 
area. The American forces built about 200 km. The Germans built 
their light railways materials from Belgian meter-gauge railways 
which they had dismantled for the purpose; they built their tramways 
materials fabricated for the purpose. 

The Toul front, St. Mihiel Nomeny, was the front main attack 
the St. Mihiel salient. The standard-gauge railway, Toul-Pagny- 
was and the main line railway between Paris and Nancy. 
The lines converging the rear meet Neufchateau, the American 
main supply head standard-gauge railway. was important 
forward rail-head; far operations planned were carried out, 
was most important. Sorey, however, was not the only rail-head; 
there were others, both rear the Paris-Nancy line and forward 
that line, far forward the battle position rear Bernecourt. 

rail-head essentially main track, side track, platform 
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doubled the side track and good road circuit, and small amount 
storage space. For troops, supplies (food), ammunition, engineer 
materials, etc., the rail-heads were different points, usually, and 
provided different facilities. Were rail-head provide the facilities 
necessary for handling all kinds army traffic, could not worked 
for all the same time, nor for any two them regularly, though 
was sometimes necessary receive occasional shipments different 
kinds the same rail-head, not busy one. Supply heads were gen- 
erally farther forward than the troop heads and near possible 
the center the troop area any case, the troop rail-heads often being 
the strategical railway nearest the front. 
Divisional artillery could handled troop rail-head that could 
handle the horsed transport. Tanks could handled wherever good 
ramp could had, and the Tank Corps aimed increase the 
its activities providing portable ramps for the tanks. Railway 
artillery required sidings spurs, not classed rail-heads. 

The light rail-head was supply head, disposing two side 
tracks, platforms, light railway tracks and road circuit, and had 
storehouse. was located serve the Toul front and the 
German tracks the Woevre, but not the Meuse-Argonne front: nor 
the front between Metz and the Vosges. 

The connecting link between the supply other rail-heads and the 
trenches was multiple one, and different kinds communications; 
but the trenches belong the stationary phases the war. war 
movement there were light railways after the trench supply area 
had been over-run. The Germans, Picardy, took over all the light 
railway area shown the map (Fig. and, addition, ground 
depth about miles beyond the rearmost control that system 
which there were light railways when they took over. Based 
situation movement, road transport throughout the war was and 
will always the connecting link between the supply heads and the 
troops. When division the line, its supply transport waits 
the rear, there nothing else for do, rejoin the division 
and replenish advance during moves and rest periods. The 
divisional supply trains can make 100 miles per day circuit, 
necessary. They require good roads, however, and enormous mainte- 
nance keep them good. 

The minimum rail requirements the front were, one standard- 
gauge line forward each corps area, doubled one light railway 
line terminating broad loop the rear the divisional areas, 
and one good tram line forward each brigade area. The minimum 
road requirements were, one good two-day circuit (for one-way traffic) 
each corps area and each divisional area, together with good side 
roads for the horsed transport and light automobiles, pack tracks for 
the pack mules, and paths for the carrying parties. This much 
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was needed work all the available transport the normal way. 
the same areas the required lines paralleled each other, with frequent 
spurs, from rail road dumps and from road rail dumps, and 
cross-connections, between lines adjacent sectors and those the 
same kind the same sector, when there were more than one (the 
Germans aimed two light railway lines supply per divisional 
sector). the back areas from two four railways for strategical 
moves were the main strength the different fronts. 

The rail and road arrangements, however, were practically imposed 
the shape the front its relation the shape the existing 
systems railways and roads; and the same true the canals. 
Much work was done after the line had stabilized bring these systems 
into the service the front constructing combat railways and roads 
sectors and also the back areas, that railway trains, for instance, 
could brought roundabout lines places that would otherwise 
cut off. The British front was the most difficult get around 
railway. 

Light railways supplemented the motor transport columns the 
rear and the motor transport trains divisions, well large but 
uncertain amount motor transportation corps and army which 
otherwise would have been necessary. The standard-gauge railways 
were brought wherever possible within reach the 
divisional trains, but they were not always available when needed 
most. The same may said good roads. Such communications 
railways and roads facilitated enemy advance well area 
operations. the Meuse-Argonne front there were three American 
corps line, which the center corps had road all which was 
useful and the right corps had only one road, muddy one. The left 
corps had good road, along the easterly edge the Argonne Forest, 
and this road, after repairs, had take the army traffic which was 
brought obliquely from the center. 

noted that connection with the Chambley-Vigneulles 
Branch standard-gauge railway might have been made the 
Woevre pushing standard-gauge line forward along the right 
way the foot the heights. Such forward line was built far 
Woinville, the time the armistice—branching from the Paris- 
Nancy line Commercy. Also, that time, the light railways out 
the Sorcy rail-head could not worked much farther than 
Vigneulles, within the old salient, serving the troops the line. Sorcy, 
miles behind the old front, was miles behind the new, between 
Nomeny and the tip the salient Verdun; but Vigneulles was 
too near used forward standard-gauge rail-head. 
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this excellent paper, except that Mr. Thomson’s question whether 
strengthening was considered might answered. 
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NOVEL METHOD 
REPAIRING SWING BRIDGE 


Messrs. THOMSON, GUy PINNER, AND 
SHORTRIDGE 


congratulated the wonderful ingenuity shown, the marvelous 
economy construction, and the successful manner which this work 

was carried out. Only those familiar with this kind work can 

realize how many opportunities there are for careless assistants drop 

the bridge the river, the case the Bussey Bridge, many years 

ago, and others. 


The speaker would like ask Mr. Keith whether not con- 


sidered reinforcing the bottom chord with concrete instead removing 


hardly seems possible that any cheaper method could have 


been found than the one adopted. 


Guy Assoc. Am.. Soc. E.—Little can added 


Mr. 
Pinner. 


When the problem first came Mr. 


Keith’s office, was thought that the old chords could strengthened 
adding section some manner, but, after thorough investigation, 
was found that there was not enough section left the old channels 
which begin work, the thought strengthening was abandoned 
favor entire renewal. 


The author lays considerable stress matter “safety first”, 


which was always kept mind starting all details the construc- 


This discussion (of the paper Herbert Keith, Am. Soc. E., pub- 
lished February, 1920, Proceedinys, and presented the meeting April 7th, 
1920), printed Proceedings order that the views expressed may brought 
before all members for further discussion. 
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tion, well making the plans for the work. When this work was 
started was thought advisable test the “safety first” ideas the 
foreman whom the author has mentioned, and, therefore, when the 
hangers, which were made local blacksmith, were received 
the work, several them were tested and found satisfactory 
and about the calculations indicated. 

When the erection the new between the cross-girders 
was begun, the foreman projected several 8-in. 10-in. 
timbers from the upper longitudinal truss struts the center panel 
for swinging them into place. They did not appear strong enough 
carry the weight the struts, but calculations showed that the 
timbers would have extreme fiber stress about 400 per in. 
After these tests, the conclusion was reached that the foreman could 
relied with regard safety, which conclusion was proved later, 
the work was completed without accident. 

The gang was very good one for this class work, each man 
being hard worker, thoroughly dependable, and following all direc- 
tions the letter. Although the work was explained the men several 
times, they never seemed grasp the intent and importance it, 
until probably the last week, after all the temporary chords had been 
removed. They had discussed frequently among themselves, but 
could not understand why was necessary much tightening 
and adjusting the bolts which passed through the adjustable wedges. 
When the work was finished, however, they stated that they would 
like sent the next contract this nature, for they felt that 
they could make better job it. 


note that Mr. Keith’s plan reconstruction gave direct central 
stresses all the temporary struts; also that, with one exception, these 
struts bore centrally the truss pins abutted squarely opposite 
each other, thus avoiding bending twisting stresses other truss 
members, was found advisable put the strut, TC6, ft. in. 
above the pins L,, thus throwing bending into the post, This 
bending was small, however, being merely that due the. 
component U,. The author’s solution, therefore, was not only 
very practical one, was theoretically correct well. The method 
bringing the new chord into action also insured that the stresses 
would properly distributed. 

would seem that the eminent engineer who expressed the fear 


“the bridge would dropped into the river before the task was 


finished” had not examined the author’s details and specifications very 
thoroughly. The bridge was probably safe with the temporary 
wooden chord with the old steel chord, which must have been near 
failure some the pin-holes. 
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NOTES TUNNEL LINING 
Discussion* 


Am. Soc. E.—This paper has been carefully 
prepared and contains much value the way data and con- 
clusions. the speaker’s judgment, however, also contains, unfor- 
tunately, serious misconceptions basis for some the con- 
clusions given, especially,.first, the characteristics the Hudson 
River silt, and, second, the pressures exerted and other 
subaqueous soils. 

First, the characteristics Hudson River silt: Referring 
the fact that shield can pushed into this silt without opening 
the doors, the authors state: 

“That this particular soil essentially viscous fluid. Such 
thing could not done clay sand mixture such. Ob- 
servations the jack pressures used start actual shield 
movement through the silt confirms, when analyzed, the fact that 
the material has angle repose less than degrees.” 


Second, pressure, the authors state: 


“This was done analyzing many hundred observations the 
external pressures the tunnel lining, obtained means specially 
constructed and highly sensitive pressure gauges inserted the 
skin the cast-iron lining.” 

Taking first the alleged misconception characteristics, the 


error probably due two principal facts: That such samples can 
obtained and observed are apparently aqueous rather than 


This (of the paper Johannesson and Hewett, Mem- 
bers, Am. Soc. E., published March, 1920, Proceedings, and presented the 
meeting 1920), printed Proceedings order that the views 
expressed may brought before all members for further discussion. 
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stable nature, and the further fact that soil into which shield may 
Meem. pushed without extraordinary pressure without opening the doors 

Although true that this cannot done sand gravel, 
can done clay mixture containing large percentage 
clay and small percentage fine sand. fact, this the 
composition the soil under the Hudson River below the first layer 
fine organie deposit. filling void under pier foundation 
under the United States Post Office recently, specially constructed 
jack was used means which clay amounting about 1500 lb. 
was jacked into the void under pressure about 1200 lb. per sq. 
in. was found that sand 40% could mixed with the clay 

without interfering with its susceptibility flowing under heavy 
pressure. When realized that shield can jacked into the 
stiffest clay even into solid lead, under proper conditions, should 
understood that soupiness extreme viscosity not essential 
this condition, but its visualization only sop thrown and 
our finite minds order better comprehend its action. 
Assuming, for instance, that shield with closed frontal area 
350 sq. ft. into this soil under pressure tons, 
and that 700 tons are required overcome the frictional resistance, 
the force displacing the soil tons per sq. ft. While with all 
allowances probably much greater this, may assumed 
that tons the minimum. If, now, puddle clay made 
pit large vat and pressure tons per sq. ft. brought 
bear upon the base hollow pipe set the mixture, 
will found that nothing short pretty stiff mixture will resist 
the pressure applied. 

Another fallacy that compressed air changes the texture, 
least the density, the soil which applied, thereby hardening 
stiffening it. matter fact, simply drives out the water 
and that the water can driven out shows that its normal state 
the pressure due independent that the soil. 

should realized that air does not support the soil, but pre- 
vents disintegration driving out the water holding its inflow 
back. its normal bed, with percolation flow water through 
disintegrate and soften it, this soil probably woufd appear exactly 
under air pressure, the only difference being that the air replaces 
the water. 

The fact that the old Hudson Tunnel was driven for long dis- 

tance under the Hudson River without shield—with open face— 

and that the material under air stood well and was very stiff, and 

that the bottom did not tend rise, should convince the most skeptical 

that this silt has not normally the soupy aqueous properties with 

which generally credited. There also reason doubt that 
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could not prevented times from running ahead under its own 
air pressure. 

the angle repose which given the authors being 
less than 3°, impossible for the speaker conceive soil 
having angle repose anywhere near small without 
being aqueous, and, therefore, having angle repose. The error 
crediting aqueous materials (which can have angle repose, 
just water has none) with flat angles repose frequently made. 
all probability this silt its natural bed, when not subject the 
influx outflow water, will stand angle nearer 60° than 
3°; even probable that the bed the river dredged below 
the top layer organic deposit, the silt will found stand 
angle least degrees. This, however, will not necessarily 
determine its angle repose any case, for, although the water 
pressure tends prevent the disintegrating outflow water through 
the soil, also keeps its surface softer and more pliable con- 
dition than unexposed its natural bed. The best test deter- 
mine its normal angle repose note the action under com- 
pressed air. tunneling subaqueous sand, for instance, will 
found that under compressed air its action similar that 
normally dry sand under normal air pressure and that will have 
sheeted and braced the same way; further, its angle repose 
the same under both conditions. 

tunneling clay silt composed clay and fine sand (and 
there are numberless instances this having been done without the 
use shield, especially the Lake cities), the same relative con- 
ditions will prevail, except that the cohesive qualities the soil act 
with its arching properties, rendering sheeting and 
bracing less necessary than sand. That is, the speaker’s judg- 
ment, the same sheeting and bracing would necessary subaqueous 
soil under air would required for the same kind soil under 
normally dry conditions.. Observations the the soil 
break down under vertical cutting should determine both cases 
the normal angle repose. heretofore stated, the speaker’s judg- 
ment (which this case, perhaps, may only educated guess) 
that this angle will probably about degrees. This will re- 
ferred later. 

the distortion the tunnel, somewhat difficult be- 
lieve that elongation the vertical axis actually takes place, but 
(or where) this authenticated and not noted the result un- 
checked observations, may accounted for follows: The tube 
surrounded more less aqueous soupy envelope between 
and the more stable material. This being heavy, tends flow 
the bottom and thus keeps the tube from subsidence, while the greater 


this soil was soupy sometimes conceived be, the shield 
eem. 
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resilience the material displaced sideways reacts more quickly than 
the vertical displacement (which has more room for expansion) and 
thus elongates the tube this direction. 

matter fact, the records show that the 
vania Tunnel settled during construction nearly in. and that there 
was tendency for the sides press out into the voids left. each 
side the passage the shield. That is, its history seems 
one vertical props and lateral tension bars—also, spite these, 
occasional cracked plates—and this the history virtually all 
tunnels, except those backed some solid filler the sides which 
may supplemented grout. the Battery Tunnel, Joralemon 
Street, Brooklyn, Y., where air was not used, the grout immedi- 
ately flowed the bottom and, although prevented the tube from 
settling, left voids the sides into which the plates once spread. 
This resulted the cracking many the crown plates, though 
interesting note that these cracked plates carried (when the 
sides had found solid backing) the load which had apparently cracked 
the good plates. 

The apparent remedy is, all cases, apply some solid filler, 
such clay gravel, directly after the passage the shield and 
follow with grout. This will tend prevent distortion, eccentric 
loading, and other ills now attendant construction. 

Much importance appears attach itself the fact the rise 
and fall the Pennsylvania tubes, due the fluctuation the tide. 
This probably due the resilient action the more less com- 
pressed material and not any condition fluidity. While, from 
entirely different causes, the fluctuation may compared with the 
action tube embedded near the surface mass solid iron 
which would fluctuate with the temperature changes the iron, 
well with its expansion and contraction, due pressure and 
resilience exerting the same stresses temperature 

What the speaker considers errors pressure are due largely 
the interpretations some the characteristics the soil, 
just noted, but principally the interpretation the pressure-gauge 
readings. has often pointed out the fallacy attempting in- 
terpret the pressure the whole area structure pressure read- 
ings gauges through orifices the lining. attempt this 
normally dry soil comparable attempting estimate whether 
placing one’s fingers gauge over the orifice, when obvious 
that orifices the same area will show the same pressure for all sizes 
chambers. Gaugings through linings structures subaqueous 
soil are almost equally while the gauge may show 
full pressure due the hydrostatic head water each dozen 
instances, the tunnel may resting solid soil bottom from which 
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pressure (to noted later) from the soil the top. 

If, however, the gauges indicated full hydrostatic pressure and 
was distributed over the whole area, then the stress computation would 
simplified, though the actual problem would greatly increased, 
being principally the prevention flotation. This latter, course, 
would when the upward pressure exceeded the downward pres- 
sure plus the weight the structure. would not dependent 
any way the flatness the angle repose. Again, if, some- 
times erroneously suggested, the soil exerts fluid pressure equivalent 
fluid specific gravity 1.6 (or 100 lb. per sq. ft. aqueous 
pressure), then the air pressure required, for instance, depth 
the air pressure required has usually been below the normal hydrostatic 
head Hudson River tunnel operations. 

the case these tunnels, had the pressure the bottom been 
was shown the gauges, this bottom would undoubtedly have 
come under the air pressure used—particularly the old tunnel. 
Where bottom gauge shows pressure greater than the normal 
hydrostatic head, probably due settlement the tube pressing 
the gauge into the soil, and when the gauge the top sides shows 
greater than normal pressure due the blanket-like action 
the soil, which may press isolated gauge with greater pressure 
than the unit pressure the area impinged upon. 

The speaker understands that many cases the soil into which 
these gauges were set had first stirred into activity before the 
gauge would become operative; has also heard instances 
other operations, where gauges were juggled make them “read cor- 
rectly.” 

fine, the speaker believes these gauges will not show correctly 
anything except the hydrostatic head, which always known, while 
the actual area the pressure, well the pressures the soil, 
will left absolutely undetermined. believes, further, that bet- 
ter results can had from small models reproducing relative con- 
ditions and giving pressure readings full areas than from in- 
terpretations all the gauge pressures ever made. 

conditions, normal and eccentric pressures, hydro- 
pressures, buoyancy, can determined definitely and cor- 
related the conditions service. 

The speaker has always held that pressures walls, trenches, 
tunnels, can determined from the practical and rational in- 
terpretation well-known observed physical laws. His own method 
determining the pressure tunnels follows: 

First, should obvious that soil and water can not exert pres- 
sure the same area the same time. If, for instance, column 


pressure results the bottom side and separate and distinct 


eem. 
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impervious clay stands the bottom tank full water, there 
water pressure the area the bottom the column. 
The weight the tank bottom then the area the water pressure 
less the least cross-sectional area the column plus its weight, which 
equivalent saying the weight water plus the weight the 
column less the weight water displaced. 

the column clay suspended that contact with, 
but does not stress, the tank bottom, the weight the tank bottom 
will then the weight water over the whole area less the area 
the column. Surface Water 


mud soil placed tank filled with water and the tank 
deep enough, the soil will eventually reach sufficient depth arch 
and relieve the bottom part its load. This can demon- 
strated any one small large scale. 

Referring Fig. 14: 

Let the angle repose the soil its normal bed; 
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If, for moment, assumed that sheet-pile coffer- 
dam and that the plane above which all soil would slide away 
left unwatered and unprotected (that is, the unwatering should pre- 
cede the operation determining the angle repose allowing 
slide), then must assumed that the weight some the soil 
the area GCI transmitted thrust against and some 
rests the plane IC. 

speaker arbitrarily assumes that the plane bisects this area 
and that all the area GCJ exerts its pressure against the wall GC. 

Reversing the condition, shown, all the weight ACV must 
the tunnel, the same assumption before, and all 
the weight ACE also carried the tunnel. Above that, all 
the soil has become self-sustaining reason the development 
its arching properties. This may shown more clearly the lines 
PLRS and NMQT, within which are developed the self-sustaining 
arch stresses. The curve NMQT drawn that the WMQC 
will equal the area WEC. 

While believed that the depth greater than necessary 
develop the sustaining arch, the speaker has always used this figure, 
noted. 

That is, although the soil will arch itself along the lines NMQT, 
may probably require height soil above equal 


order relieve the tunnel the stress the soil outside 
its equivalent. 


where the outer diameter the tunnel. 


Assuming, then, that the pressure the soil thus accounted 
for independently the water pressure, evident from the fore- 
going that necessary consider water pressure due the full 
hydrostatic head, but only for that percentage the area not pressed 
the soil. 

probably not far from correct assumption state that 
this area and 40% the whole, but safe factor the speaker 
has always taken 50% the total the practical area the water 
pressure. 

The pressures the sides and bottom must also considered. 
The side pressure (except during construction, when there may 
increased pressure due the surge following the passage the shield) 
the thrust the area between the tunnel and intersecting planes 
parallel the planes repose and tangent the outside the 
tube the upper and lower quarters. may computed approxi- 
mately the weight the soil this area divided the tangent 
the angle repose, that is, 

tan. 
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view the fact, however, that this pressure much 
vertical pressure the soil, and that its final position 
construction the soil tends resist. displacement the structure 
rather than exert unbalanced pressure, the structure should. de- 
signed resist any point the maximum static pressure the soil 
and water combined. Such allowance the judgment the engi- 
neer may necessary can made for the exigencies construction, 
but the effort should directed toward reducing those exigencies, 
rather than adding large percentage the size, and 
the structure. 

The maximum pressures are thus found be: 


which 


total pressure upper half tunnel; 
outer diameter greatest width tube; 
weight soil; 

depth water; 


This true for those cases where less than 
Where greater than 


Where shallow that the possibility full hydrostatic 
pressure present, more during construction, then may 

The engineer always justified designing meet the maxi- 
mum pressure between and P,, but not justified design- 
ing against pressure represented the total weight soil plus 
the total weight water, nor justified assuming aqueous 
pressure due liquid soil greater specific gravity than water, when 
the fluid medium water. 

interesting photograph (Fig. 15) shows the difference soil 
its normal bed and exposed. This soil underlies Trinity Place 
New York City back Trinity Churchyard (which acts reser- 
voir for it) and the nearest approach quicksand the speaker has 
ever seen. When exposed almost fluid and flows freely. man 
will sink into considerable depth and can only handled 
compressed air elaborate methods drainage. When drained 
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will stand angle steeper than 45°, and piles driven into 
(when undrained and its normal bed) only few feet. below the 
base operation will bear, after some initial settlement, sustained 
load from tons. The photograph shows 12-in. steel sheet- 
piling which was driven into this soil and met with such resistance 
due stiffness and tenacity that was distorted shown. The actual 
material into which was driven the same semi-fluid soil shown 
the photograph. 14-in. pile bearing some ft. below the level 
shown sustaining its portion the surface and sub-surface structures 
with the ordinary street traffic, including trolley 

the question rust steel iron disintegrating the ex- 
terior lining subaqueous tunnels, the speaker believes there will 
deterioration whatsoever, best small film “protective 
rust.” Since rust causes approximately tenfold expansion and any 
expansion will cause pressure, the initial rusting, takes place, 
will pressed upon the metal and act protective coating. 
this connection presents Fig. 16, photograph light tunnel plates 
taken from the 15-ft. Greene Avenue sewer built Hanson Place, 
Brooklyn, Y., the Anderson and Barr pilot method. 
They were removed 1917 the Degnon Contracting Company, 
and after years normally dry soil show almost deterioration 
from rust. interesting note that where left 
the moving the plates the rivet heads, these voids have filled 
with rust. This tends show what the speaker believes true, 
that rust, like grout, will not expand into the normal voids the 
soil, but will fill those artificially made. 

conclusion, the speaker beli¢ves that the normal pressure 
the tunnel place definite and determinable and that the exigen- 
cies construction should eliminated far possible follow- 
ing the shield with envelope clay gravel, supplemented, 
necessary, grout, and that this done allowance not 
more than 25% should made for contingencies, 

The speaker does not believe that large sums money should 
expended guard against remote contingencies, such as, for in- 
stance, the possibility that tunnel built even solid cast iron 
could displaced and probably disrupted driving near larger 
and heavier tunnel, 

essential that judgment based observation and experience 
allowed become important factor all designing. When 
realized that the Battery Tunnel with, some instances, only 
cast-iron ring with in. concrete addition, and the McAdoo 
tubes with cast-iron lining only and concrete, are permanent and 
stable structures and will always remain so—for even they meet with 
large margin safety the demands adequate design for tunnels 
place—engineers should endeavor subaqueous designing ana- 
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lyze the conditions that render them stable and not utterly disregard 


these plain facts. 


For concrete tunnel ft. diameter, 100 ft. bottom below 
the water and ft. top below the bottom the river, would 
have 153 750 per lin. ft. for silt weighing 100 lb. per cu. ft. Adding 
25% for contingencies 192500 lb. 600 per sq. in. for con- 
crete this calls for 14-in. ring. The speaker, course, would not 
even suggest the building 30-ft. tunnel with only in. con- 
crete, but does not doubt that the 14-in. ring place would 
absolutely stable. believes that would also not economically 
sound this thickness more than in. under all 
ditions, including the safeguarding driving shield construction. 

Finally, the speaker wishes state his belief that fully 95% 
the tunnel failures are due improper backing the sides. This 
also applies back-filled structures. 


Am. Soc. E.—To avoid the necessity any 
one else feeling called make the announcement, the speaker will 
state the outset that although has had experience the construc- 
tion shield-driven tunnels dry ground, and limited experience 
subaqueous tunneling, the latter has been confined position 
back the lock, and has not had any experience compressed 
air. Nevertheless, has had considerable experience with silt, and 
this bears some the questions issue the paper, the follow- 
ing submitted for consideration this connection. 

The authors state that the material encountered beneath the Hud- 
son River silt with angle repose, called, low from 
the horizontal. The speaker assumes that the statement intended 
taken literally, and that the authors imply that all the material above 
the bottom tunnel, lying also above the angle from either 
side, is, its natural state, unstable condition, and exerts 
influence and pressure any body submerged therein. The speaker 
submits that were these conditions true, would absolutely impos- 
sible build tunnel within the material, dredge and maintain 
channel therein, even anchor vessel it. 

When encountered excavation, silt usually called clay, be- 
cause its general appearance, and much trouble often ensues because 
the error classification. There great difference between the 
two materials, both origin and action. Clay the result de- 
composition the feldspathic rocks, and such grit sand con- 
tains the nature impurity and small quantity. Such 
voids contains are not connected and forms, found 
natural bed, almost perfect barrier the passage water. Water 
standing it, flowing over it, does not penetrate any depth, 


Brooklyn, 
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but makes the surface slippery, like grease. plastic, however, and 
under sufficient pressure will flow without losing its cohesive quality, 
developing fracture planes. Silt, the other hand, the result 
mechanical disintegration rock, other rock flour, 
and contains only limited quantity clay give cohesion. 
practically all granular, and its density due its extreme fine- 
ness, the manner which was deposited, and the pressure which 
has been subjected. Silt relatively large percentage voids, 
and these being connected, water passes through readily sand. 
If, however, the water passes through under unbalanced pressure, 
too great velocity, its low cementing qualities are quickly lost 
and converted into mass closely resembling heavy paint, 
which the water, vehicle, carries the grains imperfect suspension. 
Silt will also flow, under pressure—under certain conditions will 
move reason its own dead weight the same manner other 
soils—but when this occurs the entire moving mass broken and 
all cohesion lost. 

The speaker has examined and compared samples Hudson River 
silt with samples other silts from different localities near New York 
City, both dry ground and other streams leading into the 
tidal waters that locality, and finds material difference 
between the various samples, except such might naturally ex- 
pected. Silt, being the finer pulverized material from the 
any river valley, differs the mineral contains different locali- 
ties. also differs fineness, and the silt the Hudson River 
shows extreme fineness—it finer than any other which the speaker 
has examined. their natural position, undisturbed, 
even though submerged beneath filled with water, silts possess con- 
siderable cohesion and form very compact mass. 

Whenever one speaks cohesion soils, speaking first dry 
ground, met with the exclamation “sand!”, and speaking wet 
ground, with the word “silt”, Now, submitted that there 
nothing mysterious peculiar the action either sand silt. 
the condition found Nature they both possess cohesion quite 
large degree. fact, the cohesive element far stronger than any 
other element tending resist displacement—stronger than all others 
Sand and silt stand almost opposite ends the entire 
range materials classified soils, one being the quite dry granular 
element, and the other the wet, compact plastic mass. The speaker 
presents photographs illustrating cohesion each. 

Fig. 17, reproduced from photograph taken 1916, shows bank 
sand cut vertically the side subway excavation, where 
crossed the line small drift excavated about 1905. This drift 
beneath the surface Fulton Street Brooklyn, Borough Hall, 
and was built for the diversion sewer, connection with the 
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old Brooklyn Subway Joralemon Street. The work was done 
Meem, Am. Soc. E., for Cranford and and 
was revealed the excavation the Clark Street line the Dual 
Subway System. The photograph was presented the 
Mr. Willis Thompson, Section Engineer for the Transit Construction 
Commission. will noted that above the poling boards the 
drift there well defined arch the sand. Mr. Thompson 
that the material lying above the poling boards was finely pulverized, 
and that above the loosened material, shown the photograph, 
was void, about in. width, between the solid and loosened ma- 
terial, The material through which the drift was driven was sand 
and gravel, rather loosely held together with cementing material, the 
firm overlying strata being fine sand. The top the drift was about 
ft. below the surface, and the point where the photograph was taken 
was approximately beneath the rail the street surface railroad 
above. The width the drift was ft. and the rise the arch 
exactly one-half the span. Notwithstanding the fact that this ma- 
terial had been carrying the street surface traffic the 
line, probably, the world, for more than eleven years, the arch 
sand had retained its integrity throughout. This photograph very 
good illustration the cohesive strength and arching action always 
present even relatively dry sand, found Nature. 

Fig. shows the side subway excavation silt, material 
called “clay” the workmen; its character clearly indicated. the 


right-hand corner some large blocks may seen and the marks 


shovels and picks the face the bank are also apparent. The ex- 
posed face exceeded ft. height and was dressed carefully line 
advance driving the sheathing planks. The heavy black line 
crossing the exposed face diagonally organic matter and measured 
its widest point about The material both above and below 
the organic matter was silt. Samples were submitted for analysis, 
and was found using micrometer under microscope that the 
bulk the material had grain size less than even 
finer, pure clay. Very few particles measured 0.05 mm. 

The extreme fineness this material may better gauged when 
stated that compared with Portland cement very coarse. ma- 
terial, and yet this silt, turn, with Hudson River silt 
quite coarse. Examination the material shows that rock 
flour, with just sufficient clay make plastic. After dressing the 
bottom the cut grade, tests were made with compression ap- 
paratus, which the pressure single square inch surface 
was determined, and was found that, with pressure the 
instrument would hardly make impression the surface. 

Notwithstanding the compact, solid nature the material ex- 
posed, after the completion the excavation grade, following 
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succession rains, was found -that the workmen, building 


forms for conerete, churned into such liquid state, that 


average over ft. depth had removed before was pos- 
sible build the bottom the subway structure. Since 
the completion the structure there has been evidence any 
settlement whatever. 

Being carried suspension and deposited water, 
suppose that silt would its softest state, and have the lowest 
angle repose, the time was deposited, yet attention should 
the fact that the angle which this particular silt was 
deposited was 30°, shown the line the organic matter. Further- 
more, must have remained that angle for long time, allow 
the accumulation the organic matter, and, later, the deposit 
silt above. will also noted that the angle stratification re- 
peats the upper layer silt. 

The above example silt lying inland and extending close 
kept moist. The same material, however, was encountered some dis- 
tance away, close the East River, point where the street surface 
was about ft. above mean high water. Ground-water level was about 
ft. above mean high water. The excavation this point was about 
ft. depth, about ft. the bottom being the silt. The ma- 
terial was excavated the usual manner keeping the sheathing 
footed, and pumping from sump which several open ditches led. 
The bottom was all times easily softened working it, but 
was readily dressed grade. After the completion excavation, 
work was suspended for entire winter, and the cut was allowed 
fill with water, which rose depth over ft. The water 
stood the cut for more than three months. was then pumped 
down slowly. There was evidence great pressure, bulging 
the sheathing, and rising the bottom; fact, nothing 
indicate that the banks had been softened the water, although all 
had passed through the sides and bottom the cut. There 
was failure each bank, shown cracks which developed 
certain buildings, but the disturbance was limited distance equal 
the depth the cut, and even this was probably partly caused 
the weight the buildings. 

The speaker has recently had opportunity observe the action 
water the silt the low lands adjoining the Passaic River, which 
not long ago flooded adjacent ground depth several feet. 
distance about 200 ft., observation test pits showed that the 
ground-water level followed that the river, receding, some cases, 
the rate more than ft. hours. Not far distant, however, 
are certain clay pits, with vertical banks, which pools water 
have stood depth several feet for number years. 
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The authors state that the-Hudson River silt material varying 
weight with the depth below the river bottom, with average 
weight 108 per cu. ft., and containing 55% water volume. 
The speaker believes that the latter statement based errors 
observation, and that the error the statement may readily shown 
this way: every individual grain the material were perfect 
cube, and contact with other grains only the acute points the 
corners, there would still only 50% water contained the mass, 
and increase that quantity would necessary that the faces 
all the grains made concave, else that each individual grain 
actual suspension. These conditions, known, are not 
true. matter fact, the silt the Hudson River most 
compact mass, due the extreme fineness, the long interval time 
during which has been deposited, and the extreme weight which 
carries its upper surface. 

The authors state that the material readily compressed 
additional height tide, and that the compression measured. 
From this, argued that the material semi-fluid state. The 
speaker submits that the statements made directly contradict that sup- 
position, for fluid being practically incompressible, evident 
that the compression made the tide due the elastic qualities 
the silt considered solid. This not peculiar silt, but 
true all solid bodies, under sufficient pressure, there reduc- 
tion volume, or, stated another way, the volume remaining con- 
the greater the pressure the greater the weight. This con- 
firmed the authors’ statements increase weight with depth. 

The difficulty encountered driving shield through silt due, 
not the condition the material itself, but the conditions cre- 
ated the driving the shield. There vast difference between 
soil filled with water and water filled with soil. The second condition 
can readily created from the first, and erosion. 
The first condition cannot created from the second, except after 
very long interval time with the water quiescent and after being 
subjected great deal pressure. The process driving shield 
such create disturbance the material. dry ground, 
and the speaker believes also wet ground, uncommon use all 
the jacks for driving the shield. The result that while the shield 
moves forward not, all times, parallel the line and grade 
the tunnel, and has tendency disturb somewhat more material 
than that indicated its outside perimeter. There also small 
space behind the shield which, any requires filled. Due 
the fact that water always entering the tunnel near the bottom, 
air passing out near the top, both, there constant change 
taking place erosion, inward the bottom and outward the top. 
This has tendency bring the bottom particles the silt, 
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which tends restore the bearing that point, but the erosion 
top outward and with the pressures the sides and bottom, 
there naturally tendency for the tube rise. These conditions 

are, course, much aggravated when the shield driven without tak- 

ing the silt. that case, there entire rupture the over- 

lying material for some distance each side. the rings are made 

tight, however, the action the silt downward all points and 
equilibrium restored. There then tendency settle and spread 
laterally until resisted the compression the silt. These simple 

facts account for all the distortions and stresses indicated, well 

any theory, such Rankine’s conjugate stresses, which based 
conditions not actually found practice. 

The speaker, number years ago, had occasion consid- 

erable dredging various tidal waters around New York City. The 
material removed was often soft that was difficult hold 
the buckets, and even the scows, and loads were lost number 
times not being able make the traps the bottom close securely 
enough. Notwithstanding this, careful soundings taken after the 
dredging showed that the sides the dredged area were very abrupt. 
some cases the top portion outside the dredged area could 
observed extreme low water. This material, which was mud and 
sand, was removed with clam-shell dredge, and was found that 
the depth dredging was controlled the compact silt beneath, for 
which that type dredge was unsuited, would not penetrate 
any extent into the silt. 

There nothing indicate that the action soil beneath water 
much different from that dry ground. The reason this condition 
might expected the speaker will not repeat here, already 
and presented Mr. Meem. would state, however, 
that the past twelve years has found nothing contradict the 
suggestions then made, but much tending confirm them. 

The authors state that when the Hudson River silt subjected 
air pressure, the silt has the nature of.a stiff clay and its con- 
sistency may readily varied changing the air pressure. The 
speaker submits that this condition due, not the presence the 
air, but the absence the water, and were possible exclude 
the water from the silt, even balance exactly all points, 
restrain the water and prevent any erosion reason its 
passing through the silt, that most the difficulty subaqueous 
tunneling would overcome. For that reason, while has desire 
enter into any controversy the merits different tunneling 
methods, suggests that the proposition using shield which 
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possible control, within narrow limits, the pressure different 
heights, decidedly interesting and step the right direction, and 
the control could extended short distance, back the point 
where the rings are caulked, the danger soil disturbance from erosion 
would largely eliminated. Whether the practical difficulties the 
way accomplishing this are too great overcome the speaker does 
not feel qualified state, but possible, then shield-driven 
tunnel the Hudson River silt might very readily built much 
one would such operations the same material dry ground. 
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NOTES THE GUATEMALA EARTHQUAKES, AND 
EARTHQUAKE-PROOF CONSTRUCTION 


Discussion* 


Marspen Manson, Am. Soc. 


Manson,t Am. Soo. (by con- 
tribution the Guatemala earthquake and earthquake-proof construc- 
tion valuable addition the professional studies and literature 
this subject. 

best, the efforts determine the strains produced earth- 
quakes are much empirical analytical. the San Francisco 
earthquake April, 1906, three chimneys the same building were 
twisted and displaced laterally the roof plane different directions 
and variable distances, showing that each yielded forces applied 
different directions and different times, and that certain joint 
joints which yielded the first displacing and rupturing strain was 
near other joints which were unaffected and which yielded sub- 
sequent strains different direction. The same was true failures 
The writer was Chairman the Sub-Committee Statistics, 
the Reconstruction Committee, and that capacity investigated several 
thousand buildings San Francisco, some within and some beyond the 
burned area. From the report then rendered the following extracts are 
taken: 


presenting data, the Sub-Committee feels justified adding gen- 
eral remarks and suggestions based its observations. The sugges- 


This discussion (on the paper Vilar Boy, Assoc. Am. Soc. E., 
published April, 1920, Proceedings, but not presented any meeting the 
Society) printed Proceedings order that the views expressed may brought 
before all members for further discussion. 

San Francisco, Cal. 

Received the Secretary, October 20th, 1919. 
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tions and recommendations are submitted with the hope that they 
will fully considered owners, and that they may result the most 
regard all the architect and when 
stability and safety are concerned, whether regards fire earth- 
quake. With the lessons before us, the unanimous opinion your 
Sub-Committee that the greater portion the loss sustained could 
have been prevented clear interpretation and regard for the les- 
sons 1868 and the fires which have devastated other cities. 

“Even the destruction mains it-is apparent that with 
mains constructed solid ground adequate foundations over criti- 
cal ground and with ample service reservoirs and fire cisterns, and with 
well-equipped fire-tug service having shore connections mains, our 
disastrous losses hundreds millions dollars would have been 
measured tens millions and probably less sum. 

“Small Frame Buildings, Wooden general, these 
buildings suffered severely owing the rotten condition original 
weakness the underpinning. The mudsills and adjacent parts 
posts and braces had, many instances, rotted, and the buildings set- 
tled vertically, row frame buildings the west side 
Webster Street, between Eddy and Turk Streets; they settled later- 
ally, the case one-story frame buildings the southeast corner 
Bush and Steiner Streets, and the south side O’Farrell near 
Devisadero Street. most instances this kind very flimsy con- 
struction was originally permitted. The damage the upper parts 
these buildings was times severe totally wreck the buildings. 

“Small Frame Masonry stood well, 
the damages being generally restricted loss chimneys and conse- 
quent injuries roofs, walls, and gutters. 

“Large Frame Buildings, Wooden Underpinning.—In general, 
stronger original construction and broader base enabled these struc- 
tures stand well. Damages roofs and sides falling chimney 
tops from the building itself from adjacent buildings constituted 
major portion the damage. some instances, the roofs were not 
able withstand massive chimneys with high 

“When masonry foundations were provided, these buildings suffered 
less, and numerous instances were observed where damage what- 
ever was done, notably the three-story frame building the northeast 
corner Washington and Gough Streets, where the chimneys, reason 
first-class construction, remained intact, and the building itself shows 
evidence strain. may here observed that buildings of. this 
type, well constructed, diagonally boarded and braced, metal wire 
lathed, and with chimneys reinforced concrete brick, well laid 
cement mortar, are perfectly safe severer shock than that April 
18th, 1906. 

“Class ‘C’, Brick Walls, Wooden Partitions, Floors, and Posts.—This 
class structure has quite variety applications, being used for 
dwellings, stores, storehouses, churches, libraries, ete. When properly 
constructed, they stood the shock well, particularly the walls were 
tied and bonded and the mortar Some, however, had two fatal 
defects—weak badly laid mortar and unbraced gable ends. 
large storehouses, carhouses, barns, were injured, the gable ends 
being especially weak. This defect has been brought out prominently 
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this, well higher classes buildings. Notable instances are 


the northeast corner California and Webster Streets, the south 


end the Ferry Building (Class ‘A’), Numerous other instances were 
observed, especially where lime mortar had been used, not all but 
slightly strengthened the addition Portland cement; and where 
fairly good mortar had been badly used the bricks laid dry, instead 
soaking wet, they should good work. 

marked instance failure from poor mortar the south side 
Geary Street, near Fillmore, where well bonded brickwork fell 
pieces, and stone veneer, without bond, sealed off the lower story. This 
frequently the case the pressed Roman brick used facing, 
without bond, fastened against wooden buildings with weak metal 
ties. Failures from these causes have been general that they have 
caused universal comment, and hoped that the lessons will result 
the thorough testing all cements and other materials and their 
proper use, matter safety not only the owner, but the public 
general. 

“Equally notable cases the standing well-built structures are 
frequently noticed: The Appraisers’ Building Sansome, Wash- 
ington, and Jackson Streets, although partly made ground, did not 
suffer the injury, due the excellent quality mortar and 
good workmanship. seven-story building the south side Eddy 
Street, 100 ft. east Jones, although subsequently burned, its walls 
well-bonded brick, with good mortar, stand intact. Other instances are 
the Jewish Tabernacle the north side Sutter Street, between 
Stockton and Powell Streets, the church the northwest corner 
Fillmore and Jackson Streets, and the one the southeast corner 
Fillmore and Fell Streets. 

“Class ‘B’, Brick Masonry Walls, Steel Cast-Iron Posts, and 
Steel Girders Protected Against Fire, Metal-Lathed Partitions, 
The damage this class buildings earthquake was, general, 
light; instances well-constructed buildings this type were 
observed which suffered more than small percentage damage. 
notable instance the reinforced and well-built walls the Palace 
Hotel, which withstood both fire and earthquake. 

‘A’, Steel Frame, Non-Combustible Floors and 
The thoroughness with which these structures withstood the earth- 
quake has been frequently recorded that not necessary for the 
Committee note further facts. The most severe injury was the 
slim and heavy tower the Ferry Building, and the south unsupported 
gable end. This structure stands entirely piles, ft. long, 
driven into harbor mud some ft. below city base. Yet with- 
stood the shock, with the exceptions above mentioned, and few minor 
injuries marble wainscoting. Another instance damage this 
the north wall the building Sacramento and Mason Streets. 
Buildings this class, process construction, were injured where 
mortar had not yet set, but joint was sprung those which 
were caught with the frames partly constructed. 

fire coverings posts and beams and the 


use metal frames for doors and windows, with wire glass and proper 


window protection, has been demonstrated that this class build- 
ings will withstand both fire and earthquake, and, with local supply 
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water, can made absolutely safe, even general conflagration. But 
building which combustible material stored will escape gen- 
eral conflagration, unless adequate water supply and men use 
are available. Inferior buildings, under these conditions, were saved, 
and superb Class ‘A’ buildings, without water, were totally destroyed. 
too thoroughly impressed upon owners and 

“Effects Earthquake High Stacks and Chimneys.—These struc- 
tures were generally severely damaged broken. They are several 
cross-sections, circular, square, polygonal, and intersecting squares. 
Those having square sections appeared stand best. The percentage 
stacks escaping injury small that your Committee recommends 
that the future these entirely metal heavily reinforced con- 
crete reinforced brickwork; these two latter-cases that only cement 
mortar the highest strength used. 

suffered proportionately more severely than 
anything else. This was due three causes: (1) worthless mortar; 
(2) bad workmanship; and (3) unusual strains the joints roofs 
with the chimneys where weakened further flashings. overcome 
these defects will simple but will require good materials and first- 
class workmanship. Chimneys stood where well constructed, proving 
that well selected materials and good workmanship are proof against 
severer shocks than that lately experienced. accomplish this result, 
your Committee recommends: First, that either lime mortar stand- 
ard proportions reinforced with one-third Portland cement, Port- 
land cement mortar used with reinforcing steel rods roof joint 
and above; or, second, that reinforced conerete the best quality 


used. 


“Flue linings have resulted placing reliance upon these, and using 
flimsy brickwork the outside. Brick chimneys properly built are 
safe and strong under any conditions yet experienced, and the linings 
serve subterfuge lessen the cost and efficiency one the 
best materials which chimneys can built, namely, good brickwork. 

“Mortar.—The results warrant the absolute rejection the future 
lime mortar unless well seasoned and reinforced with Portland 
cement, and the most stringent supervision should had over the 
testing and use this latter. Inferior cement and poor workmanship 
will make weak structures ready fail when the test actual strain 
use comes. Every yard concrete and every brick laid the future 
should mixed and laid with care. can made 
worthless much the brickwork was this city. Hence must 
made the best materials, properly mixed, laid and rammed 
secure good results; and bricks must sound and well made, carefully 
laid when soaking wet the best lime-cement cement mortar. These 
classes work will insure safety earthquake shocks greater 
severity than that experienced April, 1906, and with the added secu- 
rity ample water supply, proper protection posts and girders, 
and guarded openings all masonry buildings, will make such general 
and widespread disasters that following the morning April 18th, 
1906, absolutely impossible. 

“Retaining Walls—Retaining walls have long been source 
expense and danger San Francisco, the percentage these failing 


- 
| 
| 
| 
| 
4 


Papers. DISCUSSION GUATEMALA EARTHQUAKES 869 


from various causes has always been large. city such variations 


level they are necessarily much used. Both ordinary and surcharged 


walls failed from lack sufficient gravity section and inadequate foot- 
ings. instance both these deficiencies the overturned sur- 
charged wall the west side Gough Street, between Pacific Street 
and Broadway. Instances each were noted. examples well- 
constructed retaining walls, the Committee notes those Pine, Powell, 
and Mason Streets, and the south side California Street, west 
Presidio Avenue, which, with others, withstood the shock without 
injury, proving that properly constructed retaining walls can relied 
upon with confidence. 

“Monuments and slender structures withstood the 
shock well. cemeteries, some were overthrown. The Dewey Monu- 
ment Union Square was reported ‘standing angle 
degrees’. inspection shows that the sections were barely displaced 
and the pedestal very slightly spalled few joints, and that, the 
ordinary eye, the monument stands unscathed either earthquake 
fire. Monuments and groups statuary other portions the city 
were uninjured. 

“Conclusion.—The Sub-Committee Statistics finds: 


well-built structures all classes generally withstood 
the earthquake without serious injury, and that the majority these 
structures were unharmed. 

“(2).—That the principal damage earthquake was due inferior 
workmanship, worthless mortar, faulty design. instance the City 
Hall, which the design the building radically unsuited both 
the requirements and the strains likely occur. Immense gable 
ends and cornices resting upon massive columns, not well tied the 
remainder the building, were the cause damage far greater 
extent than inferior mortar and workmanship, has been alleged. 
The fragments masonry lie large masses rather than individual 
bricks, many other fallen walls. The same true the church 
Bush and Pierce Streets, and other instances. These are deficiencies 
which can remedied the future. 

“(3).—That losses fire were the greater part due: (a) the 
utter failure the pipe system, made manifest the extinguish- 
ment fires where meager water supply was available; (b) lack 
protection openings masonry buildings, and, the burned 
buildings Classes ‘B’ and ‘A’, the additional lack adequate fire 
coverings for posts and girders, collapse these members 
Class ‘B’ and some instances Class ‘A’ buildings) These are also 
defects which can remedied lessen insurance risks and rates 
ultimate damage case the contents these structures should 

urn. 

“(4).—That ‘C’ buildings constitute the poorest and most dan- 
gerous structures, and should restricted use, steel framed and 
galvanized iron sides and roofs being preferable. Also, that greater 
use should made non-combustible materials, steel, concrete, gal- 
vanized iron, metal lathing, than the present fire and building laws 
admit. This will the advantage owners and the greater safety 
the city. 
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“(5).—The members this Sub-Committee feel that too great 
importance cannot laid upon the thorough inspection and testing 
and other building materials and upon the most conscientious 
workmanship, and are assured that craftsmen all branches cannot 
render greater service the community nor themselves than 
refusing work any kind which not high standard 
workmanship; for neithér themselves, their families, nor any one 
else will safe, nor property secure, with such flimsy work has 
characterized many buildings all classes structures this city. 

“Streets and lots graded with waste and loose materials all kinds 
are not suitable foundations which make sewers and pavements 
nor erect homes buildings for human occupation and use, nor are 
sewers and buildings with inferior mortar and poorly laid brick 
filled areas this kind more likely stand the future than the 
past. 

“The causes our great losses may therefore briefly stated: 
(1), Failure water supply due insufficient number service 
reservoirs and cisterns, and fractures the mains and connections 
where constructed over made ground and marshes and over imme- 
diately adjacent faults—mains should altogether solid ground, 
the heaviest masonry and pile foundations, and service reser- 
voirs and cisterns should more numerous and larger; (2), Flimsy 
construction, and some improper design; (3), Absence 
adequate door and window protection for masonry buildings; (4), Lack 
efficient covering for posts and girders Classes ‘B’ and ‘A’. 

“The necessity for constructing buildings incombustible materials 
been made fully apparent. These buildings must meet all require- 
ments, from the costly and elaborate steel cage, concrete walled, and 
floored structure with metal doors, window frames, casings and finish- 
ings, the cheap steel-framed shed, covered and roofed with gal- 
vanized iron. meet these requirements, the following sub-classes 
Class ‘A’ are suggested: 

“Class ‘A’-1.—Steel-cage construction, brick tile walls 
and floors; metal-framed doors, windows and finishings; plate wire glass 
windows, asbestos curtains inside. 

“Class ‘A’-2.—Concrete brick walls; steel posts concrete tile- 
covered; concrete steel tile floors; steel-framed, metal-covered roof, 
fire shutters. 

“Class concrete walls; steel-framed roof, metal 
covered. 

“Class ‘A’-4.—Light steel frame; walls, metal lathing expanded 
metal, plastered with cement mortar one both sides frame- 
work; concrete, steel tile floors; metal roof; metal-framed windows 
and doors; plate wire glass; asbestos curtains, for light stores dwell- 
ings, ete. 

“Class frame, corrugated iron sides and roof for sheds 
and lightest buildings; more than one story, upper floors steel and 
concrete tiles. 

“Class ‘A’-6.—Any combination the above classes which 
turally sound. 
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“Tt will observed that each these classes composed incom- 
bustible materials, that they vary cost from the costly skyscraper 
cheap steel-framed, galvanized-iron shed, and will thus meet the wide 
requirements cost, and the same time afford reasonable but 
imperative safety. The mortar either lime cement mortar 
cement mortar. 


“Tf the radical deficiencies above outlined remedied, San Fran- 
cisco will have but little dread from even more serious earth- 
quake than that April 18th, 1906; and if, rebuilding, make 
stability and thoroughness the prime essentials all work, these 
characteristics will mark our recovery and development every line 
the remotest future.” 


The writer the opinion, after personal inspection, that most 
the loss property and life recent earthquakes Italy and much 
that throughout Mexico, was due the use weak lime mortar and 
that thinner walls good masonry or, better, reinforced concrete with 
greater resilience and the use well-framed timber buildings upon 
well-laid masonry foundations would have greatly lessened the losses; 
and that these requirements should prescribed regions subject 
earthquake. 

The unanimous opinion the Sub-Committee sustained the views 
expressed the quoted portions the report. The Sub-Committee 
was composed the following, all whom are members the Society: 
Edwin Duryea, the late Virgil Bogue, Col. McKinstry, 
(Retired), John Reid and the writer, who acted 
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DISCUSSION 
SECOND PROGRESS REPORT 
THE SPECIAL COMMITTEE REPORT 
STRESSES RAILROAD TRACK* 


deductions from the experiments determine the distribution 
pressure under railroad ties draws attention the important influence 
conjugate pressures passive resistance the ballast. 

All the published tests were made with ties rectangular cross- 
section—the almost universal standard the United States. Ties 
different cross-sections have been tried least two cases and per- 
haps others. The writer refers the triangular tie tested the 
Great Northern Railroad and the Percival reinforced concrete tie 
tried the Southern Pacific System. Some seven eight years ago 
his attention was called the Percival tie, the moment resistance 
which found computation small that the rather 

favorable report the behavior these ties the track seemed 

almost incredible. was stated, however, that, when alternated 
the track with the standard rectangular tie, they did not last any 
length time. was reported the division engineer charge 
that this triangular tie could not used when interspaced with 
standard ties, but acted very well when used with adjacent ties all 
the same kind. 

From consideration these facts the writer came tentative 
conclusion that the conjugate pressures passive resistance the 
Presented the Annual Meeting, January 


New York City. 
Received the Secretary, April 27th, 1920. 
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Mr. ballast was the cause the Percival tie holding when, the simple 
Buel. theory its beam, should have broken. other words, 
that the shape the tie cross-section changed the distribution 
pressure the ballast reduce the bending moment the tie. 
investigation the influence the shape the tie dis- 
tribution pressures certainly will develop some interesting results 
and possibly some very valuable ones. Six years ago the writer at- 
tempted get some interested parties finance such series 
experiments, and when this Special Committee was organized the 
Society, suggested its Chairman that tests ties different 
cross-sections included. The writer hopes that, before concluding 
its labors, the Committee will find way make such series tests 
and incorporate the results future reports. 
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MEMOIRS DECEASED MEMBERS 


will reproduced the volumes Transactions. “any in- 
formation which will amplify the records here printed, correct any errors, 
should forwarded the Secretary prior the final publication. 


FREDERIC PIKE STEARNS, Past-President, Am. Soc. E.* 


1919. 


The life Frederic Pike Stearns fine example steady prog- 
ress the highest professional attainment, through persistent and well 
directed effort. should inspiration many engineers. 

Pike Stearns, the son William Henry Clark Stearns and 
Mary (Hobbs) Hill Stearns, was born Calais, Me., November 
1851. came sturdy New England stock, having been lineal 
descendant Isaac Stearns, who came this country from England 
member Governor Winthrop’s party and settled Watertown, 
Mass., 1630. 

Mr. Stearns’ early training was received the public schools 
his birthplace and was followed very brief business experience 
there. Like many another bright and active boy, soon determined 
seek the greater opportunities the large city, and his eigh- 
teenth year went Boston, Mass., begin his education the 
field civil engineering. 

entered the office the City Surveyor Boston time when 
municipal engineering was its infancy the United States, and 
when the first great water-works and sanitary systems were being pro- 
jected. His lack preparation and experience would have been 
unsurmountable barrier success but for his industry and deter- 
mination fit himself meet his task. 

began study intensively along scientific lines, his evenings 
and other spare moments, and soon attracted the attention notable 
group engineers, then leaders the profession Boston, among 
whom were the late Kirkwood, Chesbrough, James 
Francis, Past-Presidents, Am. Soe. E.; Charles Storrow, Hon. 

Growing mental vigor and professional stature, Mr. Stearns soon 
became leader and throughout his life was attracted and drew 
about himself his work men strong character and alert, studious, 
and constructive minds, men who have played important parts the 
municipal and sanitary engineering the United 
States and abroad. Self-trained sound and logical thinking, 


Memoir prepared Leonard Metcalf, Am. Soc, 
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mind, Mr. Stearns constantly vision 
through contact. with nature and man, calling his assistance his 
professional work the chemist, biologist, and bacteriologist, the geologist, 
architect, and landscape gardener, the interrelation his field and 
theirs became apparent his pioneer mind—himself responding 
their fresh stimulus, growing judgment and balance, and reflecting 


the friendly attitude and nice courtesy master minds one another. 


From 1872 1880, under the late Joseph Davis Chief 
Engineer and Alphonse Fteley, Past-President, Am. Soc. E., 
Resident Engineer, served Leveler, Assistant, and then Division 
Engineer the Engineer Corps the Boston Water-Works, having 
been engaged the investigation and, later, the construction and main- 
tenance the additional water supply from the Sudbury River, for 
the City Boston. During this period, with Mr. Fteley, carried 
out important series hydraulic experiments the flow water 
through this conduit and over weirs, and presented the results 
paper before the Society 1882, which won the Norman Medal, and 
two subsequent papers.* 

1880 Mr. Stearns was transferred the Main Drainage Works 
Boston, Division Engineer immediate charge the tunnel 
under Dorchester Bay and the reservoir and other outlet works 
Squantum and Moon Island, under Joseph Davis, City Engi- 
neer, and, later, his successor, the late Henry Wightman, Am. 
E., and with Eliot Clarke, Am. E., Principal 


Assistant Engineer. part his time was also devoted the 


preparation plans for the Sudbury Aqueduct crossing Farm Pond, 
the high-service reservoir Fisher Hill, and sea-wall the Charles 
River Basin Embankment. From the summer 1885 1886, 
Executive Engineer, had charge the whole Main Drainage Sys- 
tem and for portion this time acted Engineering Assistant 
the prevention floods the Valley Stony 
Brook, consisting the late Mr. James Francis, Mr. Eliot 
Clarke, and Clemens Herschel, Past-President, Am. Soc. 

noteworthy fact that these Main Drainage Works still stand 
monument good engineering, modified only extension 
meet the growth the district served, during this 35-year period. 

1886 Mr. Stearns was called the position Chief Engineer 
the Massachusetts State Board Health. This Board 


“had just been reorganized the Legislature and, upon the recom- 
mendation commission far-seeing citizens, which the late 
John Quincy Adams was Chairman, had been charged with the over- 
sight and care the inland waters the State and given the power 
advise its municipalities and citizens upon all matters pertaining 


‘to water supply, drainage and sewerage and the prevention the 


See page 880. 
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pollution inland waters for the purpose protecting the public 
health, promoting comfort and improving the living conditions its 
inhabitants. The body able men charged with this 
responsibility, under the leadership Dr. Henry Walcott, Chair- 
man the Board, and the inspiration Mr. Hiram Mills, its 
engineer member, gathered around them the most notable group 
practical scientists which had ever that time been associated for 
public health work. The work the Board was new, precedents 
existed, and the law under which the work was carried attached 
abide its decisions. These decisions, the language those 
who planned this new departure public service, were ‘look for 
their sanction their own intrinsic sense and soundness’, and the 
great influence all matters pertaining its work which the State 
Board Health quickly was due great measure the 
thoroughness and sound judgment, combined with the tact and fairness, 
its chief engineer. His keen and exhaustive study the water 
supplies the State set new standard for scientific investigations, 
while his tact dealing with officials with whom came contact 
and his steadfast courage insisting upon the right course action 
secured the confidence the public the findings the Board and 
established means controlling and improving the water supplies 
Massachusetts which has become the the practice other 


“Among his notable contributions general knowledge made 
this period were his studies stream flow and storage, establishing the 
principles the economical development the yield water-sheds 


which were afterward used generally ‘by the engineers New 
England.”* 


During this nine-year period Mr. Stearns investigated and reported 
comprehensive sewerage system for the Mystic and Charles River 
Valleys, outlining plans, which were promptly approved and ordered 
executed the Massachusetts Legislature; and Chief Engineer 
Joint Board, consisting the Massachusetts State Board Health 
and the Metropolitan Park Commissioners, the improvement 

Charles River, recommended the construction dam, with 
tidal lock, near Craigie Bridge, create fresh-water basin 
maintained constant level, though work was done for some 
years. this project, which was also exhaustively studied and 
reported later date John Freeman, Am. Soc. E., 
life-long friend Mr. Stearns, and which was subsequently executed 
under Hiram Miller, Am. Soe. E., Chief Engineer, with Mr. 
Stearns Consulting Engineer, the foul estuary the Charles River, 
with its tidal flats, was converted into beautiful fresh-water basin, 
completely changing the character the district and one 


From Memoir Mr. Stearns prepared Goodnough, Am. Soe. E., 
for the New England Water Works Association. 
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the great recreation waterways and parks this country, affording 
badly needed relief the congested population the east it. 

the early Nineties, Mr. Stearns came into contact with, and was 
much impressed by, the work the Metropolitan Parks around Boston 
the well-known landscape architect, Mr. Charles Eliot, the firm 
Olmsted, Olmsted, and Eliot, and this doubtless influenced him his 
later work. 

The most important work done Mr. Stearns for the Massa- 
chusetts State Board Health was the investigation and report 
Metropolitan Water Supply serve the City Boston and large 
district about it, which completed 1895. This was the fruition 
his and close study the water-supply problem. He, probably 
other man, sensed the need and the opportunity. knew the state 
the art and the progress public opinion the water-supply problem. 
had helped mould the latter along sound lines, impersonally, and 
with bettered service always view, and thus doing had won unasked 
the confidence the public. Thus, naturally, there fell him the 
task building the new works, 

Between 1895 and 1907, Chief Engineer the Metropolitan 
Water Board and its successor, the Metropolitan Water and Sewerage 
Board, welded and inspired the engineering organization which 
gave effect his ideas and built his greatest monument—the complete 
system water supply for the City Boston and nineteen surrounding 
municipalities, comprising great and noble dams masonry and earth, 
reservoirs, aqueducts, pumping stations, and pipe systems. may 
justly said them that they were conceived with and 
executed with skill guided the hand Nature herself. Their 
worth has been demonstrated two decades good service. They 
constituted what Mr. Freeman has characterized being the date 
their construction probably the most noteworthy series water-works 
structures the United States; foremost not altogether size but 
perfection detail and the embodiment the best practice 
hydraulic engineering throughout, from reservoir pumping station. 

The high standard municipal practice set Mr. Stearns 
designing and building these Metropolitan Works has had marked 
influence important engineering structures built since this 
country. The sound engineering training investigation, design, and 
construction, and the object lesson the merit careful forethought 
and study advance construction, given Mr. Stearns the 
large number engineers who constituted his corps and came under 
his influence, and who after the completion these works scattered 
different directions, take active work other places the country 
over, where engineering work was under way, has been far-reaching 
effect and the greatest advantage the 
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1900 Mr. Stearns was awarded the gold medal the Paris 
Exposition for his exhibit the Metropolitan Water Supply Works and 
for work the water-supply field. 1905, Harvard University con- 
ferred him the honorary degree Master Arts, and year later 
the University Pennsylvania further honored him with the degree 
Doctor Science. 

After the completion and putting into successful operation the 
Metropolitan Water Supply Works, Mr. Stearns withdrew from their 
active management and became the Consulting Engineer the Board. 
Eminent engineer wide experience and sound judgment, his 
advice was much sought. limited his consulting work, however, 
the problems which most interested him. Among the more important 
projects with which was actively connected were the water-supply 
problems New York City; Baltimore, Md.; Los Angeles, Cal.; Win- 
nipeg, Man., Canada; Hartford, Conn.; Rochester, Y:; Providence, 
I.; and Worcester, Mass.; the sewerage problems Baltimore, Md., 
Chicago, Pittsburgh, Pa., and elsewhere; and was 
pass judgment many important dams and structures difficult 
execution, built different parts the United States and Mexico. 

June 24th, 1905, the late President Roosevelt appointed Mr. 
Stearns member International Board consider and report 
plans for canal across the Isthmus Panama. The Board consisted 
thirteen eminent engineers whom eight members, constituting 
Majority, reported plan for sea-level canal; while minority 
five, whom Mr. Stearns was one, reported the plan for the lock 
canal ultimately adopted President Roosevelt and the United 
States Government basis for procedure. Mr. Stearns was prob- 
ably named this Board part for the reason his experience 
building the north dike the Wachusett Reservoir, which reservoir was 
considered precedent for the construction the Bohio Gatun 
Dam. Three years later, after construction had begun, the question 
was raised the stability the Gatun Dam and other matters. 
President Roosevelt then appointed another Board, which Mr. 
Stearns was member, and was this Board which 
President-elect Taft the Isthmus and which revised the plans for the 
Gatun Dam substantially those used building it.* 

his work incident the acquisition the necessary property 
and rights advance the construction the Metropolitan Water 
Supply Works, Mr. Stearns showed good judgment and fairness 
dealing with the parties involved. This work carried him into the field 
valuation, which his advice was sought subsequently number 
important cases, and led little later his appointment Chairman 
the Committee Valuation the Society, appointed “formulate 


From information furnished the writer Allen Hazen, Am. Soc. 
himself member this 
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principles and methods for the valuation railroad property and other 
public utilities.” 

His character, thoroughness detail, and fairness dealing with 
difficult situations was further exemplified the great volume con- 
tract work which handled without litigation, and the respect which 
his decisions commanded among contractors well 

Mr. Stearns had keen sense his obligations the professional 
societies, and took active interest them. contributed many 
valuable papers and discussions the publications the Society, 
covering wide field engineering. 

His more important papers were the following: “Description Some 
Experiments the Flow Water, Made during the Construction 
Works for Conveying the Water Sudbury River 
“Disposal Sewage “Experiments the Flow 
Water 48-Inch “On the Current Meter, together with 
Reason Why the Maximum Velocity Water Flowing Open 
Channels below the “The Development Water Sup- 
plies and Water-Supply Engineering”; Presidential Address the 
Annual Convention Frontenac, Thousand Islands, Y., June 26th, 

had also contributed significant discussions other papers 
before the Society. and the purity water changes 
the new Croton Dam; decolorization water; going value water- 
works; hydraulic-fill dams; rainfall, flow streams, and storage; 
temperature lakes; tests cement; the Bohio Dam; the sewerage 
system Milwaukee; the Shone hydro-pneumatic system sewerage 
water power the Falls St. Anthony; and the hydraulic jump, 
open channel flow high velocity. 

Mr. Stearns was Past-President Boston Society Civil 
Engineers, Fellow the American Academy Arts and Sciences, 
and Honorary Member the New England Water Works Associa- 
tion, the work which had been long and deeply interested. 

1876, was married Addie Richardson, Framingham, 
Mass., who died two years before his death. Two sons, both engineers, 
survive them, Herbert Stearns and Ralph Stearns, Assoc. Am. 
Soc. 

Mr. Stearns was intensely human and service was his governing 
thought. Erect and dignified, had simplicity and directness 
manner which attracted. Men came him sure his friendly interest 
and sound counsel. Underneath one felt instinctively his force char- 

Transactions, Am. Soc. Vol. XVIII, pp. 28. 
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acter, his poise and strength purpose. his decisions were the 
result thought and careful study details, had the ability 
face strong opposition undismayed, and hold his point. Thoroughness 
the analysis his problem and deliberate action were fundamental 
with him, and deservedly gave great weight his conclusions. 

The Rev. Charles Park, Pastor the First Church, Boston, 
which Mr. Stearns attended, has characterized him happily the fol- 
lowing words: 

see him true patriot—a lover his country, his city— 
whose spirit was spirit, and whose time and skill and 
great ability were joyously employed the.careful, thoughtful, well- 
considered service. his fellow-citizens, both state and nation. 
was the keynote his life; build rather than tear down. 
was one those unto whom much had been given, and 
from whom much was required. And met those requirements with 
generosity and self-forgetting fidelity. was not peoples’ 
thanks plaudits that sought, but comfort. 
Their safer, richer, easier living was dear him.” 


Mr. Stearns was elected Member the American Society Civil 
Engineers October 2d, 1878. also served Director 1893-95, 
Vice-President 1898-99, and President 1906. 


JOHN ABIEL ATWOOD, Am. Soc. 
Diep 29TH, 1920. 


John Abiel Atwood, the son John Williams Atwood and Abigail 
(Doane) Atwood, was born Chatham, Mass., February 8th, 1857. 
received his college education New York University, from which 
was graduated 1878 with the degrees and 

Shortly after his graduation, Mr. Atwood accepted position 
Transitman with the Third Avenue Elevated Railroad Company 
New York City, continuing .as such until March, 1879. 1879 
and 1880, served Rodman and Leveler with the Elizabeth City and 
Norfolk Railroad Company (now the Norfolk Southern Railroad), and 
from 1881 the New York, West Shore, 
and Buffalo Railroad Company, with headquarters Syracuse, 

1884, Mr. Atwood returned New York City and was employed 
Assistant the Chief Engineer the Tenth Avenue Cable Railway 
Company until 1886, when accepted position Resident Engineer 
with the Chautauqua Lake Railroad Company. 


Memoir prepared from information furnished Albert Raymer, Am. 
Soc. E., and file the Headquarters Society. 
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From 1887 1889, was engaged Assistant Engineer with the 
Lake Shore and Michigan Southern Railroad Company (now part 
New York Central Railroad Company). 

January, 1889, Mr. Atwood was appointed Engineer Construc- 
tion the Pittsburgh and Lake Erie Railroad Company, which position 
held until May, 1896, when was made Chief Engineer, continuing 
that capacity until his death. 

died his residence Beaver, Pa., 29th, 1920, 
after attack influenza which later into pneumonia with 
pleurisy complications. survived his widow, one son, and 
two daughters. 

During his tenure office Engineer Construction and Chief 
Engineer, the Pittsburgh and Lake Erie Railroad grew from single- 
track four-track railroad, which development necessitated prac- 
tically the reconstruction the entire system. Among the first 
engineering tasks undertaken Mr. Atwood his position Chief 
Engineer was the relocation the main line the railroad, which 
resulted large reduction grades and marked improvement 
the alignment the road. The main line was also extended under his 
leadership, and several branch and tributary lines were constructed, 
among the latter being the Lake Erie and Eastern Railroad which 
located through the heart the City Youngstown, Ohio. This line 
was replete, with engineering problems location and construction. 

Large terminal, storage and classification yards, together with round- 
houses, and locomotive and car repair shops, were designed and built 
various places along the road under Mr. Atwood’s supervision, 
well passenger stations and station ground layouts along the entire 
length the system. Pittsburgh, Pa., complete terminal layout 
was constructed, consisting modern Terminal Passenger Station 
and General Office Building, Terminal Freight Building, and large 
fireproof Storage Warehouse. 

All the bridges along the road were also rebuilt, one the largest 
being the pin-connected cantilever structure over the Ohio River, 
Beaver, Pa., description which has been presented before the 
Society.* account the many novel details embodied its design, 
this bridge attracted wide attention the time its construction, 
one feature having been the trusses which are protected from damage 
derailed equipment skid girders designed and patented 
Mr. Atwood. 

“The true engineer man vision and achievement. derives 
pleasure from study and design, especially when the problem that con- 
fronts him unusual type and demands original treatment. 
should temper the ideal with the practical, guarding against waste and 
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extravagance one hand and narrowness and imperfection the 
other. The possession and proper use these qualities largely define 
his right styled engineer. The work performed Mr. Atwood 
the Pittsburgh and Lake Erie Railroad during the quarter 
century that served its Chief Engineer will bear for many years 
come mute testimony the fact that possessed large degree 
the qualities above described.” 


was the strictest sense the term, Christian gentleman. 
man quiet and retiring disposition, possessed marked 
degree the ability and willingness give due consideration every 
phase controversy brought before him for adjudication. 
manded the highest respect his superiors and subordinates, all 
whom was all times courteous. speaking him few days 
after his death, one his friends said that “the crowning work 
his life was the development his own high character and the highest 
tribute that can paid him the simple statement that was 
‘John 

religion, Mr. Atwood was Presbyterian, and had served 
Elder the First Presbyterian Church Beaver, Pa. was 
Director and Vice-President the Beaver Valley Country Club and 
member the Duquesne Club Pittsburgh, Pa. Among the 
technical societies which belonged were the Engineers’ Society 
Western Pennsylvania and the American Railway Engineering 
ciation the latter which had served Director and Second 
Vice-President and, Chairman its Committee had per- 
formed most valued service. 

Mr. Atwood was elected Member the American Society Civil 
Engineers January 3d, 1900. 


WILLIAM LYON BROWNE, Am. Soc. E.* 


Diep 1919. 


William Lyon Browne, the son William Lyon Browne and Ellen 
(Symonds) Browne, was born Shrewsbury, England, April 
1876. obtained his early education Shrewsbury School, and after 
year’s study French and German the Continent, spent three 
years acquiring business training mechanical work Shropshire, 
studied engineering The Central Technical College 
the City and Guilds London Institute, under Professor 
Unwin, from 1897 1900. 


Memoir prepared from information supplied John Nealor, Esq., and file 
the Headquarters the Society. 
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1900 and 1901, Mr. Browne served under Ross, Chief Engineer 
the Great Northern Railway (England), the construction the 
Red Bank Viaduct Doncaster, and during 1901 and 1902, was 
engaged the design docks and harbor works with Mr. Eady, 
and surveys for tramways, etc. 

the Northern Section the Charing Cross, Euston and Hampstead 
Tube Railway, London. was engaged this work which con- 
sisted eight miles tunnel and five stations, from its inception until 
its completion 1905, working under Sir Douglas Fox and Partners 
and Galbraith. 

August, 1905, Mr. Browne came Canada, representative 
Sir Douglas Fox and Partners, Engineers-in-Chief the Atlantic, 
Quebec, and Western Railway being constructed the Counties 
Bonaventure and Gaspé the Province Quebec. remained 
this position until 1907 when, addition continuing act 
representative Sir Douglas Fox and Partners, was made Chief 
Engineer Canada and placed complete charge the construction 
the Atlantic, Quebec, and Western Railway, 102 miles length, 
until its completion 1911. 

Mr. Browne then accepted appointment Chief Engineer with 
the Bishop Construction Company, Montreal, Que., Canada, which 
Company held contract for the construction part the Quebec 
and Saguenay Railway, and, later, was engaged for time Resident 
Engineer for the Armstrong Whitworth Company Canada. 

From 1914 1916, was employed first the Canadian Inspec- 
tion Company and, afterward, for the Imperial Government, shell 
inspection. 

1916, Mr. Browne was sent Greece the British Manufac- 
turing Agents charge survey for railway for the Greek 
Government near Kavala, which place died from dysentery 
November 24th, 1919. 

Mr. Browne, like many English-born civil engineers, was 
pioneering disposition, his record shows, and was intensely devoted 
his adopted profession. Naturally, his first thought was safeguarding 
the interests his principals, yet those who had occasion meet and 
deal with him freely admitted his straightforward business integrity 
all times. Socially, was ostensibly “home” man, devoted his 
family. had decided preference for the sea and, therefore, 
more than likely that the happiest years his short life 
were those spent New Carlisle, Que., Canada, the borderland the 
Gaspé Wilds. 

was extremely interested art, was fond open-air sports 
every description, and delighted spend his occasional leisure hours 
with rod gun. Although had many business acquaintances, his 
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intimate friends Canada were comparatively few, but those who 
could claim such privilege deeply mourn the loss true, courteous, 
and generous companion. 

Mr. Browne was married 1903 Ellen Winifred Nealor who, 
with two children, survives him. 

was Member the Institution Civil Engineers Great 
Britain and the Canadian Society Civil Engineers. 

Mr. Browne was elected Member the American Society Civil 
Engineers January 31st, 1911. 


WILLIAM WATSON COE, Am. Soe. E.* 


Diep 1920. 


William Watson Coe was born Bethlehem, Conn., November 
19th, 1846. began his studies preparatory entering the Engi- 
neering Profession when was about fifteen years old. first made 
Charles Town, Va., his home 1872, having gone there con- 
nection with the first projection the Shenandoah Valley Railroad. 

Mr. Coe began his professional career 1866-67, when held 
the position Rodman Topographer the surveys for the Dutchess 
and Columbia Railroad. From 1868 1871 was, first, Rodman and, 
later, Resident Engineer the construction the Dutchess and 
Columbia Railroad, and that period was also Assistant and Resident 
Engineer surveys and construction the Connecticut Western 
Railroad. During the two years from 1872 1874 was Engineer 
Charge surveys for the Plymouth, Kankakee and Pacific Railroad 
and the New York and Long Branch Railroad; Engineering Assistant 
the contractor for the Mobile and Northwestern Railroad; Principal 
Assistant Engineer the survey for branch line the Atlantic and 
Great Western Railroad, and Engineer Charge the survey the 
Carrolton Branch the New York, Lake Erie and Western Railroad. 
From 1875 1877, was Superintendent division the Cen- 
tennial Exhibition Philadelphia, Pa. 

During 1877-78 Mr. Coe served Principal Assistant Engineer 
the general contractor who built the Pittsburgh and Lake Erie Rail- 
road, 1879 was made Principal Assistant Engineer the Shenan- 
doah Valley Railroad, and during the same year became its Chief Engi- 
neer, which position held until 1885. was appointed Chief 
Engineer the Norfolk and Western Railroad 1881, position 
which continued hold with that company until 1897. During 
this period the Norfolk and Western Railroad was increased mileage 
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the construction about 500 miles new line through the moun- 
tainous country Virginia and West Virginia, reaching the iron and 
zine ore territory Virginia and the Pocahontas coal lands Vir- 
ginia and West Virginia. From May, 1897, until February, 1904, Mr. 
Coe was Engineer Branch Line Construction the Norfolk and 
Western Railway Company. 

February ist, 1904, became General Manager the Poca- 
hontas Coal and Coke Company, having charge all its coal lands, 
including about 300 000 acres, with offices Roanoke, Va. Thereafter, 
was continuously engaged the extension these holdings, the 
perfection titles, and the development the coal lands. 

During his professional life since 1880 Mr. Coe was especially in- 
terested the upbuilding the southwestern district the State 
Virginia, and considerable areas coal lands West Virginia. 
was always interested not only the improvement the country, 
but the welfare the people those parts Virginia and West 
Virginia, where large population has taken place since 
1881. was actively engaged business until short time before 
his death, which occurred his home Charles Town, Va., 
March 31st, 1920, the result stroke paralysis suffered about 
two months previously. was buried Edge Hill Cemetery, Charles 
Town, Friday, April 2d, 1920. 

Mr. Coe was married 1880 Miss Sallie Travers, the daugh- 
ter the late William Travers, Charles Town, Va., who, 
with son and daughter, survives him. 

was talented engineer and very capable business man, and 
was highly regarded every one with whom had dealings. 


Mr. Coe was elected Member the American Civil 
Engineers April 3d, 1889. 


JOSEPH BAKER DAVIS, Am. E.* 


Diep 9TH, 1920. 


Joseph Baker Davis, the son Ebenezer Hathaway and Mehitabel 
(Gifford) Davis, was born Westport, Mass., July 1845. His 
mother died when was infant, and was reared cousin his 
grandfather, maiden lady, Miss Anstrus Baker. 

Although his ancestors had been seamen, Mr. Davis’ guardian 
directed his attention other things. attended the Grammar and 
High Schools, New Bedford, Mass., and when made inquiries 
regarding higher education, learned that one without means might 
obtain such education the University Michigan. went 


Memoir prepared Clarence Johnston, Am. Soc. 
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Detroit, Mich., during the summer 1864 and found employment 
farm not far from the present town Dearborn, where assisted 
the clearing considerable area land. October 1864, 
presented himself for admission the University Michigan 
Ann Arbor. had been able accumulate only enough money 
pay the University fees, realized that would obliged earn his 
living expenses and buy his books from funds gained labor pur- 
sued his studies. Mr. Davis had become accustomed hardship during 
-his boyhood, and the which faced him when entered the 
University were met with the sturdy confidence which won for him 
many victory the years that followed. 

During the summer 1867, was employed the United States 
Lake Survey the the Portage Entry base line, harbor 
work, Chocolet River reconnaissance, determination shore line, 
inland surveys, and soundings, all Lake Superior. was graduated 
1868, his Class representing remarkable group men, which 
furnished leaders engineering, astronomy, and the teaching 
profession. June, 1868, Mr. Davis entered the office the City 
Engineer Detroit, Mich. order out doors, soon resigned 
and accepted employment with paving contractor,. after which ‘he 
was engaged, for short time, the office architect. Since office 
work did not agree with him, accepted position with the Missouri 
River, Fort Scott, and Gulf Railway, the fall 1868, and spent 
eight nine months Kansas under the immediate supervision the 
celebrated engineer, the late Octave Chanute, Past-President, Am. 
returned Michigan June, 1869, and during the summer 
and autumn was occupied running railway line from Owosso 
Big Rapids, distance ninety miles. When this work was com- 
pleted, returned Massachusetts for visit with his relatives after 
absence six years. 

February, 1870, Mr. Davis returned Ann Arbor, Mich., where 
was engaged Instructor the Department Civil 
University Michigan, until the end the academic year. then 
accepted employment with the Toledo and Ann Arbor Railway and, 
during the summer, made the location surveys for this line. Later, 
accepted the position Assistant Engineer the Northern Exten- 
sion the Jackson, Lansing, and Saginaw Railway, and made the 
exploratory surveys from Bay City Gaylord and the location surveys 
Grayling. 

the fall 1871, went Swarthmore, Pa., where organized 
Department Civil Engineering Swarthmore College, institu- 
tion the Society Friends. June, 1872, was appointed 
Assistant Professor Civil Engineering the University Michigan, 

and began his thirty-eight years active service teacher his 
Alma Mater. The late Professor Volson Wood, the Father 
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Engineering the University Michigan, and Professor Davis’ 
former teacher, had tried re-organize and improve his Department 
Michigan. Failing obtain the help had many times requested, 
resigned the spring and argument would induce him 
reconsider his decision. His recommendations, however, were almost 
immediately accepted and the late Professor Greene, Am. 
E., Professor Davis, and Mr. Denison were once appointed 
carry them into effect. 

Professor Davis bore the title Assistant Professor Civil Engi- 
neering from 1872 until 1891, when was made Professor Geodesy 
and Surveying. For many years assisted the teaching Descrip- 
tive Geometry and Drawing, and gave one two courses 
Municipal Engineering. Although his practical experience had been 
largely railway work, never encouraged students specialize 
therein, holding that engineers had been mistreated the railway 

One the urgent recommendations Professor Wood related 
the establishment camp where students might engage survey- 
ing under field conditions. Professor organized and conducted 
the first this kind Whitmore Lake, ten miles north Ann 
Arbor, 1874. was course four weeks, The camp moved 
from place place each year, depending arrangments for the land, 
transportation, and housing facilities that Professor Davis was able 
make. 1882, the camp was transferred Old Mission and, from 
that time the present, has always been located the northern 
part the Southern Peninsula Michigan. remained four weeks’ 
course until 1902, when was extended six weeks and then 
eight weeks 1909. 1908, the University acquired 1500 acres 
land Douglas Lake, near Cheboygan, Mich., thus giving the camp 
permanent home. The University Michigan was the pioneer 
many years the establishment surveying camp. The camp now 
bears the name its founder, and still conformity 
with the rules and regulations which had developed after long years 
experience. 

Professor Davis became City Engineer Ann Arbor soon after his 
appointment Assistant Professor Civil Engineering the Uni- 
versity. This position came him unsolicited and while was absent 
from Ann Arbor. Regardless political changes, was retained 
office for sixteen years, and when resigned, his assistant was appointed 
succeed While City Engineer Ann Arbor performed 
splendid service, was unable convince the City Fathers that the 
notes property and general city surveys were, matters great 
importance and that they should safely kept well-equipped office. 
retained all such notes, however, and they are now available and 
highly appreciated. 
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acted Consulting Engineer for the Flint and Pere Marquette 
Railway Company and the Toledo and Ann Arbor Railway Company 
for many years, and designed and constructed many highway and 
railway bridges. also installed water-works systems for several 
Michigan towns, among which were Greenville and Owosso. His great 
work, however, was performed the field Surveying and particu- 
larly Boundary Surveying. always maintained that “coruers were 
never lost, they were simply not found.” 

From 1899 1902, had charge the St. Clair Flats Survey for 
the State Michigan. This was difficult task, and was completed 
accordance with the principles always advocated and practiced. 

Soon after the death Professor Greene, Dean the College 
Engineering, 1903, Professor Davis was made Associate Dean. His 
new duties brought him into contact with every student the College, 
and many engineers who attended the University Michigan during 
the first decade the present century will remember the gruff but 
kindly voice this fatherly adviser. His new duties were more trying 
Professor Davis than his friends generally realized, for his natural 
sympathy for students who suffer privations made impossible for him 
forget their hardships and trials, day night, and the indoor work 
added his difficulties. 

1910, resigned his position the University and took advan- 
tage the Carnegie pension. order that might near his 
friends, and yet away from responsibilities, bought home Dexter, 
Mich., nine miles Ann Arbor. Some time prior his resignation, 
had purchased summer cottage Portage Lake, nine miles north 
Dexter; but and Mrs. Davis generally spent their winters the 
South, visiting their son Birmingham, Ala., and then going the 
Gulf Coast. They finally secured winter home Bradentown, 
where died March 9th, 1920. 

July, 1872, was married Miss Mary Hubbard Baldwin, 
Ann Arbor, Mich. Three children were born them, one whom, 
Charles Baker Davis, Birmingham, Ala., with Mrs. Davis, survives 
him. 

Professor Davis never sought favor for himself, but was always 
active behalf others. 1883, was elected President the 
Michigan Engineering was twice re-elected the same 
was also for two years Vice-President the “Council 
Engineering Societies National Public Works.” 

had written little for publication, but, left great volume 
notes relating the theory and practice Surveying and other 
engineering subjects. always underrated his ability writer, 
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but was able reviewer and critic texts relating the subjects 
that taught. 

great satisfaction all who were fortunate have 
known Professor Davis understand that was happy and contented 
during his later years. always said that desired quit work 
some time order that might play and many things that were 
denied him boy. His home was always welcome place for all his 
friends and was always ready perform some kindly 
service and guest ever departed without higher regard for him 
and for mankind generally, 

Professor Davis was the personification character and stability. 
loved sincerity, truth, and accuracy. His former students will 
always remember him advocate and example those qualities 
the mind and heart which guarantee success the practice Sur- 
veying and which, possibly higher sense, insure happiness and 
every walk life. The principles which advocated 
and practiced have been accepted many who have sat his class- 
rooms and many others who are now charged with the duties 
ably performed for the University Michigan. Those who survive 
him perform higher service for the University Michigan than 
that which will result the perpetuation the ideals and principles 
which exemplified. 

Professor Davis was elected Junior the American Society 
Civil Engineers April 1st, 1874, and Member October 5th, 1898. 
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FRANK LOUIS FULLER, Am. Soc. E.* 


Diep January 30TH, 1920. 


Frank Louis Fuller, the son Hezekiah and Emmeline (Jackson) 
Fuller, was born Grantville (now Wellesley), Mass., July 11th, 
1848. 

-As boy attended Mr. Allen’s School West Newton, 
and was graduated from the Massachusetts Institute Technology 
the Class 1871. 

Immediately after his graduation, Mr. Fuller was employed, under 
Professor Henck, the work the Massachusetts State Harbor 
and Land Commissioners the “Back Bay” District, Boston, Mass., 


until 1881, when Professor Henck resigned, and was placed full 
charge. 


Memoir compiled from information file the Headquarters the Society. 
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addition this work, 1875, Mr. Fuller opened office 
Boston, Mass., and engaged private practice Consulting and 
Constructing Engineer. such made examinations the Taunton 
River Valley for the Massachusetts Board Health, surveys and plans 
for the proposed Nantasket Beach Railroad, well many other 
general surveys roads, rivers, 

Mr. Fuller early turned his attention the design and construction 
water-works, and made that branch his profession specialty. 
that connection, made plans for and constructed water-works plants 
for various cities and towns Massachusetts and the adjoining States, 
among which were Winchester, Wellesley, Ware, Marblehead, Natick, 
Webster, West Brookfield, Foxboro, Warren, Uxbridge, Mass., Paw- 
tucket, Brattleboro and Northfield, Vt., ete. was among the 
first interested concrete covered reservoirs and had charge 
the construction such reservoirs Wellesley and Natick, Mass. 

was also engaged the construction the sewerage systems 
Swampscott, Marblehead, North Andover, Franklin, and other 
places Massachusetts. 

Mr. Fuller was married November 23d, 1882, Julia Latham 
Morrill, who survives him. Except for four years’ residence (1882 
1886) Boston, had always made his home Wellesley, Mass., 
where died suddenly January 30th, 1920, from heart trouble from 
which had suffered for several years. his death the Annual 
Town Meeting Wellesley adopted set resolutions expres- 
sion appreciation his services citizen and member and 
Chairman the Board Water Commissioners from its establish- 
ment, Similar resolutions were also adopted the Congregational 
Church, the Congregational Club, and his associates the Water 
and Electric Board Wellesley. 

was man large outside interests and was always interested 
and active various good causes. With Mrs. Fuller had traveled 
quite extensively, having made two trips the Panama Canal, the 
second which was visit California and included trip through 

completed Canal. also visited Porto Rico and, 1913, greatly 
enjoyed cruise the Mediterranean and the Orient, including the 
Holy Land and the Nile. 

Mr. Fuller was member the Congregational Church Welles- 
ley, Mass., which had served Deacon for many years. was 
member the American Water Works Association, the New England 
Water Works Association, the Boston Society Civil Engineers, the 
Wellesley Club, and the Wellesley Congregational Club. 

Mr, Fuller was elected Junior the American Society Civil 
Engineers April 4th, and Member April 4th, 1888. 
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CHARLES EMERSON Am. Soc. E.* 


Diep 21st, 1920. 


Charles Emerson Gregory was born Stissing Village, Stan- 
ford, Y., February 20th, 1871. was the son Edward 
Benjamin and Julia Wilber (Mosher) Gregory. His paternal ancestor, 
Johnathan Gregory, came from England Colonial times and was 
one the early settlers the New Haven Colony. Members the 
family served the Continental Army and one them fought the 
Battle White Plains. The Mosher family came America from 
England soon after the Revolution and settled New York State. 

Mr. Gregory received his early education the public schools 
Stanford and completed his college preparation the Poughkeepsie 
Military Institute. was graduated from Union Sche- 
nectady, Y., 1894, with the degree Civil Engineer, and the 
Engineering Prize. 

His first engineering work after leaving college was the con- 
struction system water-works Coxsackie, drainage canal 
Middleport, and water-works Red Hook, Y., all which was 
accomplished during 1894 1896. March, 1896, Mr. Gregory 
entered the employ the City New York, the service which 
was useful member for many years. first was Engineer 
Inspector the Department Public Works, inspecting the repaving 
and the laying water mains Fifth Avenue; later, became 
Transitman the office the Commissioner the 23d and 24th 
Wards, now known the Borough the Bronx, and, September, 
1898, was appointed Assistant Engineer the Sewer Bureau 
the Borough the Bronx where served about five years charge 
sewer construction and three years charge the design the 
new sewer system for the easterly portion the Borough, drainage 
area about 7000 acres. This included some the most extensive 
and difficult sewer work the City New York and the design 
some the largest reinforced concrete storm-water drains ever built 
that time. was then that Mr. Gregory began his studies 
rainfall and run-off which continued matter special interest 
him throughout his whole life. This interest was 
friendship with the late Emil Kuichling, Am. E., which 
began about this time—a friendship helpful both regard 
sewer design and run-off problems. From this time, also, Mr. Gregory 
was never without little pocket-book which were entered all sorts 
observations, notes, calculations, and diagrams relating this, 
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him, ever-absorbing subject. regretted that busy life 
preverited the orderly assembly this material for publication 
the Society, had always intended, although much has 
appeared fragmentary form various papers. 

the spring 1906 Mr. Gregory joined the staff the Board 
Water Supply the City New York Designing Engineer. 
Under Chief Engineer Waldo Smith, Am. Soc. E., prepared 
the designs for the Ashokan Reservoir, including the Olive Bridge 
Dam and the extensive earth dikes, the Kensico Dam and Reservoir, 
and the Silver Lake Reservoir. Among the various appurtenant works 
these main structures were ten concrete bridges designed col- 
laboration with the Board’s Architect, Rogers, Assoc. 
Am. E., the most notable which are the beautiful Traver 
Hollow and Rye Outlet Bridges—the former spectacular three-hinge, 
single arch 200 ft. span, and the latter 000-ft., five-span structure. 

1912, the request Mr. George McAneny, then Borough 
President Manhattan, Mr. Gregory was transferred the Borough 
President’s office Deputy Consulting Engineer Ernest Good- 
Am. Soc. Here, Mr. Gregory was closely associated 
with all the numerous public improvements proposed and progress 
that time. One the best known was the removal the long- 
standing building encroachments Fifth Avenue, 42d Street, 34th 
Street, and elsewhere. This work included not only the approval 
the plans and inspection the execution the work, but also the 
delicate matter securing the co-operation the owners spending 
their own money for the The Borough President during 
that administration was powerful factor the rapid transit problem 
and his Consulting Engineer advised the development the plans 
for the new subway systems for the Greater City. Among the many 
strictly Borough matters taken this time were the establishment 
new policies for the Bureau Buildings and the new repaving 
programme for the streets the Borough. Plans for remodeling 
High Bridge over the Harlem River conform the War Depart- 
ment requirements were prepared Mr. Gregory, and the work 
now being pushed along lines similar his original ideas. During 
the Administration the late Mayor Mitchel, the Consulting Engi- 
neers the five Boroughs and the Chief Engineer the Board 
Estimate and Apportionment were constituted Board for the con- 
sideration many the general engineering problems the city, 
and Mr. Gregory served this Board, addition his 
other duties. 

1918, the City Administration appeared ready take 
actively the sewerage problems which had been pressing for long 
time. The Metropolitan Sewerage Commission had made its report 
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recommending the Ocean Island project, much -publicity had been 
given the subject, and several members the Board Estimate and 
Apportionment seemed particularly interested the sewerage ques- 
tion. The whole matter was referred the Board Consulting 
Engineers, and after considerable discussion and some controversy 
finally resulted the Metropolitan Sewerage Commission making 
its final report and going out office, turning over its data and studies 
new establishment called the Bureau Sewer Plan the Board 
Estimate and Apportionment. This Bureau was under the direction 
the Board Consulting Engineers, Nelson Lewis, Am. 
E., Chairman. Mr. Gregory was appointed Secretary and 
Executive Officer, staff was organized and scheme sewage 
disposal for the entire city prepared. 

1914, Mr. Gregory was appointed Chief Engineer Sewers 
the Borough Manhattan. During the next four years re-organized 
the Sewer Bureau modern basis, installed businesslike and efficient 
methods sewer maintenance, introduced the motor truck mounted 
pump for cleaning out receiving basins, began the division Manhat- 
tan’s sewers into drainage districts leading harmonious scheme 
sewage treatment, continued the studies harbor pollution begun 
the Metropolitan Sewerage Commission, made many specific recom- 
mendations for the mitigation long-standing nuisances, and had 
drainage plans prepared for many areas the Borough where the 
drainage situation had been particularly bad for years. During this 
time, the remarkable long-time, Central Park, rainfall intensity records 
were compiled and studied. Although these records were published 
the Rainfall and Run-off Committee the Municipal Engineers 
the City New York, the data were prepared for publication under 
Mr. Gregory’s direction, was also the greater part the Committee’s 
report. The rational method for the design storm-water sewers 
was instituted Manhattan him and new run-off curve was 
adopted, based the Central Park rainfall curves and sewer gaugings 
made under his direction, all modified his firmly established judg- 
ment these matters. new method computing the dry-weather 
flow was also developed, based the probable future growth 
the Borough, now more susceptible prediction, account the 
newly adopted Zoning Law, and the water consumption determined 
basis anticipated floor area. 

When comes actual authorization sewer improvements 
New York City, very desirable obtain the interest and co- 
operation the property owners, all such work paid for local 
assessment. this matter, Mr. Gregory was pre-eminently successful, 
due his tact and personality, that enthusiastic, individual 
effort his was able bring many these improvements 
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conclusion well beyond the first stagés authorization. Among 
the sewers finally authorized, the most notable are the West 46th Street 
tunnel, the East 41st Street storm-relief sewer, and the Canal Street 
District separate system. The use sewers for snow removal was 
instituted New York City while Mr. Gregory was charge the 
Department. collaborated with the then Commissioner Street 
disposal experiments, and the final success the sewer disposal method 
was due very largely Mr. Gregory’s hearty co-operation. 

1914, Gregory was sent Europe the Borough 
observe the sewage disposal plants France, England, and Germany. 
his return, designed and constructed the first sewage treatment 
plant built the Borough Manhattan. the revolving 
disk, screen type and located the Hudson River the foot 
Dyckman Street, the Inwood District, and housed orna- 
mental building which sets new precedent sewerage structures 
for New York City. The operation results this plant were only 
recently published articles prepared him for the Engineering 
News-Record. This plant was have been the first series 
appropriate sewage treatment units designed built various 
locations around the borders Manhattan Island, accordance with 
general harmonious disposal scheme for the Greater City, the 
preparation which Mr. Gregory had been largely instrumental. 

All this work was interrupted the war, and April, 1918, 
Mr. Gregory joined the staff the Air Nitrates Corporation. 
was Assistant Resident Manager the Muscle Shoals Plant for 
time and, later, became Chief the Civil Engineering Bureau, 
which position was responsible for enormous amount building, 
power-house, machinery, railroad, dock, water supply, drainage, and 
road construction work connection with the ammonia nitrate plants 
Cincinnati and Toledo, Ohio. 

Mr. Gregory retired from this work and returned New York City 
January, 1919, when was appointed Engineer Drainage and 
Sewage Disposal the Borough Manhattan and assigned the 
late Borough President Dowling complete his previous studies and 
finish the long-delayed “comprehensive plan” for the collection and 
treatment Manhattan’s drainage. 

For many reasons appeared Mr. Gregory unlikely that the 
“plan” would executed for long time come, June, 1919, 
resigned from the City service accept appointment Deputy 
Engineer with the North Jersey District Water Supply Commission 
which was beginning the comprehensive development, under State 
supervision, the remaining potable waters Northern New Jersey. 
the few months that was spared this work, completed the 
designs for the Wanaque Dam and appurtenant works which will make 
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the water the Wanaque River available supply for the City 
Newark and neighboring towns. The contract for this work was 
completed and ready for -advertising when Mr. Gregory died his 
home East Orange, J., February 21st, 1920. 

The esteem which was held his last engagement shown 
the following resolution passed the Commission: 

“Resolved: The Commissioners the North Jersey District Water 
Supply Commission desire record their appreciation of, and esteem 
for, its late Deputy Engineer, Charles Gregory. They gladly bear 
witness his sterling worth, professional standing, and high character. 
His extensive knowledge his profession, his knowledge men and 
rare tact were great value the work the Commission.. His 
courtly manner and genial disposition made him esteemed and 
valuable officer. His work with the Commission, and before such 


association, was widely recognized consistent and constructive 
type and remains lasting memory him. 


“He was the type men who leave behind them memories that 
endure, and take this opportunity record our minutes this 
testimony our esteem and affectionate regard for one who was more 
than employe, and his worth Engineer and Citizen.” 


Mr. Gregory was frequent contributor the Society’s discussions, 
especially drainage and water-works subjects. was also 
esteemed writer these matters for the engineering press. was 
member the Beta Theta Fraternity, the Masonic Order, the 
American Water Works Association, the New Jersey Sanitary Associa- 
tien, and was Past-President the Municipal Engineers the 
City New York. 

For many years, Mr. Gregory had lived Mt. Kisco, Y., where 
was active and honored citizen. had served Trustee 
the Mt. Kisco Board Education from 1910 1916, having been 
President the Board for the last two years, during which time the 
new main school building was erected and many improvements were 
made the school system. was Elder the Mt. Kisco Presby- 
terian Church for twelve years. 

October 15th, 1896, Mr. Gregory was married Frances 
Gurney Sackett, New York City, and she and their three children— 
Robert Douglas, Charles Emerson, and Frances Eleanor—survive him. 

personal characteristics, Mr. Gregory was generous, genial, 
conscientious, and sincere. His generosity was shown his unfailing 
respect for and consideration subordinates; his ever-willingness 
listen their side the case; his recognition the most subordinate 
assistant collaborator every problem. Few engineers can 
command the respect and admiration, together with the true affection, 
their assistants, did Mr. Gregory. His calm and per- 
sonality were important characteristics; was always 
self-control, even under the most exasperating circumstances. The 
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most annoying and troublesome matters were settled fairly, justly, and 
without malice. had winning smile and kind word for every 
one, but with these was the firm hand, when firmness was needed. 

His gentle persistence, always avoiding needless controversy, but 
never fearing keep the right, enabled him put through 
sheer, personal effort many things where more openly aggressive 
personality might have failed. This was especially noticeable con- 
nection with sewer matters Manhattan where every improvement 
had carried through the many steps approval various 
boards and officials. The citizens New York City have Mr. Gregory 
thank for such improvements the Dyckman Street screening 
plant. had peculiar ability accomplish results under the trying 
and difficult processes New York’s public works system. One his 
associates has said: 

“Mr. Gregory possessed, remarkable degree, the ability 
co-operate with others, eliminating all personalities for the end 
accomplished. was extremely modest personal demeanor, yet 
courageous stating his position any controversial subject, and 
persistently followed fundamental truths and laws all his activities. 
was man character, culture, and ability. His capacity for 
securing results was exceptional.” 

engineer, was progressive and open-minded and most 
thorough—every condition was considered, every possible solution 
investigated. was always willing adopt new things they were 
good, but never solely account their novelty. There was none 
the “good enough” spirit about Mr. Gregory—it must “right”. 
was entertaining companion, but disposed lead the conversa- 
tion serious topics. was open-minded new ideas philosophy 
and government and sincerely interested all that would improve the 
social fabric. 

Deeply conscientious and serious, with high ideals his duties 
his family, the community, the State, and his God, the personality 
Charles Gregory will forever precious memory every one 
who had the privilege being associated with him. 

Mr. Gregory was elected Junior the American Society 
Civil Engineers October 6th; 1896, Associate Member 
March and Member June 19th, 1918. 


GEORGE BLAGDEN HAZLEHURST, Am. Soc. E.* 


Diep 27TH, 1919. 


George Blagden Hazlehurst, the son Henry Hazlehurst and 
Elizabeth (McKim) Hazlehurst, was born Baltimore, Md., 


Memoir prepared from information file the Headquarters the Society. 
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November 28th, 1855. received his education St. Clement’s 
School, Ellicott City, Md., Trinity College, Hartford, Conn., and 
the University Virginia where studied engineering. 

After leaving college 1877, Mr. Hazlehurst was engaged the 
Vulean Iron Works Baltimore, Md., Draftsman, Inspector, 
shop work engines, boilers, bridges, and remained with this com- 
pany until 1881. 

1881, entered the employ the Baltimore and Ohio Railroad 
Company, serving successively, Rodman, Topographer, and 
charge party preliminary surveys and location until 1882; 
Resident Engineer the Valley Railroad Extension, from Staunton 
Lexington, Va., 1882 and 1883; Assistant the Consulting 
Engineer the Company the design and preparation bridge plans, 
from 1883 1886; Assistant Engineer charge the design 
and construction bridges, from 1886 1889; and General Super- 
intendent Motive Power from 1889 1896. 

1897, Mr. Hazlehurst engaged private practice Consulting 
Engineer Baltimore and Catonsville, Md., until 1915, when was 
obliged retire from active work account ill health. died 
his home Catonsville, Md., November 27th, 1919, after long 
illness. 

was married October 15th, 1890, Charlotte Gill, Balti- 
more, Md., who, with son and daughter, survives him. 

Mr. Hazlehurst was man great reserve and dignity, with most 
courteous manners. was always kind and fair those under him 
and was held great respect all with whom came contact. 
was great reader and always kept touch with current technical 
and general subjects. 

Mr. Hazlehurst was elected Member the American Society 
Civil Engineers February 1888. 


EDWIN FOSTER SMITH, Am. 


Diep 26TH, 1920. 


Edwin Foster Smith was born Catawissa, Pa., August 18th, 
1841. was graduated from Union College, Schenectady, Y., 
1862, with the degree B., and received the degree from 
the same college 1886. 

His father, James Foster Smith, served the Schuylkill Navigation 
Company and its affiliate, the Philadelphia and Reading Railroad Com- 


pany, important positions, from 1843 until his retirement from engi- 
neering work 1885, 


Memoir prepared John Trautwine, Jr., Assoc, Am. Soc. 
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Edwin Foster Smith spent his entire life engineering activity— 
forty-nine years—in the service the same two companies, entering 
that the Railroad Company Rodman and Leveler 1862, and 
that the Navigation Company Assistant Engineer, under his 
father, 1865, continuing their service until his retirement, the 
age seventy, September 30th, 1911. The activities father and 
son, the service these two companies, thus covered period 
sixty-eight years. 

March ist, 1876, Mr. Smith was made Chief Engineer Canals 
for the Schuylkill Navigation Company and the Susquehanna and 
Tidewater Canal Company, and February 25th, 1885, Superintendent 
and Engineer Canals the Philadelphia and Reading Railroad 
Company, Lessee. 

From 1891 1895 was engaged Engineer Charge Con- 
struction the Reading Terminal and the Terminal Railroad, 
Philadelphia, Pa.; and from that time until his retirement 1911 
acted Superintendent the Reading Terminal and Power Houses. 

During much his term service with the two companies men- 
tioned, Mr. Smith was also engaged private engineering work, largely 
connection with hydraulic This work included the recon- 
struction, 1876, the timber dam, ft. long, across the Susque- 
hanna River, Columbia, Pa.; consulting practice connection with 
the water supplies Reading and Norristown, Pa.; report the 
Castle Wood Dam near Denver, Colo.; the design hydro-electric 
plants near Delta, the dam the Concord Water Power 
Company the Merrimac River Concord, H.; andthe dam the 
Sissiboo Falls Paper Company Weymouth, Nova Scotia. 1891, 
Mr. Smith submitted, for the Philadelphia and Reading Railroad Com- 
plan for the utilization certain the plants that Company 

the extension the Philadelphia water supply. 

served Consulting Engineer and Referee number cases 
involving testimony engineering matters the Pennsylvania and 
the United States Courts, including the condemnation proceedings 
the Government taking over the slack-water navigation the 
Monongahela River, from Pittsburgh Geneva, Pa., eighty-nine miles 
length. 

1901, Mr. Smith was engaged Consulting Engineer the Board 
Engineers the Aqueduct Commission New York City, exam- 
ining the construction the new Croton Dam and Jerome Park 
Reservoir. 

During the Civil served the Pennsylvania State Militia 
and the 26th Regiment, Emergency Volunteers, and, later, 
the Government service the Philadelphia and Reading Railroad. 

was member the Franklin Institute Pennsylvania, mem- 
ber and Past-President The Engineers’ Club Philadelphia, and 
member the University Club Philadelphia. 
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was the writer’s good fortune enjoy friendly and professional 
intercourse with Mr. Smith, who was kindly and always courteous 
gentleman, with quiet and charming sense humor. 

Mr. Smith was elected Member the American Society Civil 
Engineers June 5th, 1895. 


GEORGE WESTON, Am. Soc. E.* 


Diep 7TH, 1920. 


George Weston was born Kalamazoo, Mich., January 30th, 
1861. 

began his professional career 1880 when entered the Engi- 
neering Department the Missouri, Kansas and Texas Railway 
Rodman, serving this position until 1883. 

From 1885 1887, was employed Rodman, Instrumentman, 
and Assistant Engineer charge construction with the Gulf, Colo- 
rado and Santa Railroad. 

1887, Mr. Weston established relations with the late Charles 
Yerkes, Chicago, and was engaged until 1896, Engineer 
charge the construction number miles and electric 
street railway track that city. 

From 1896 1901, served Manager of. the Construction 
Department Naugle, Holeomb and Company Chicago, having 
been engaged follows: 1896 and 1897, Chief the 
construction the “Suburban” Railroad, Chicago; 1898, made 
examinations and reports steam railroad and electric properties for 
the firm; and from 1898 1901 had full charge General Manager 
and Chief Engineer the construction miles the Tennessee 
Central 

From January, 1901, 1907, Mr. Weston was associated with his 
brother, Charles Weston, Am. Soe. E., and also with Bion 
Arnold, Am. Soc. E., and the Arnold Company, Chicago, 
reports pertinent electric traction operations. 

When the Board Supervising Engineers the Chicago 


was organized 1907, Mr. Weston was appointed Assistant 


Chief Engineer and, later date, became the representative the 
city that Board and Engineer for the Board which latter position 
retained until January, 1919. the time his death was Presi- 
dent Weston and Company, Consulting Engineers, Philadelphia, 
Pa., having been retained Consulting Engineer for the Philadelphia 
Rapid Transit Company. was also conducting work connection 
with valuation matters for the Service Railway New, Jersey. 


Memoir prepared Horace Howell, Esq., New York City, 
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Weston died suddenly Philadelphia, Pa:, January 7th, 
1920, from acute indigestion, and survived his widow and two 
brothers, Charles Weston, Am. Soc. E., and Joseph Weston. 

was one the best known experts electric street railway 
affairs the United States, and his work connection with the con- 
struction and electrification railroads and street railroads was exten- 
sive throughout the Middle West. had also been active questions 
valuation and industrial relations and had written many papers 
reference these subjects. 

Mr. Weston was admired his associates for his qualities 
capability, loyalty, fairness, and the intense energy which characterized 
his work. 

was member the Western Society Engineers, the Amer- 
ican Electric Railway Association, for which, connection with his 
work its Committee Valuation, had just completed report 
outlining procedure and methods deriving and attaining fair value 
for railway properties, the Engineers’ Clubs New York City 
and Chicago, and the Chicago Athletic Club. was also active 
Masonic circles. 

Mr. Weston was elected Member the American Society Civil 
Engineers June 5th, 1907. 


HUNTER McCLURE, Assoc. Am. Soc. E.* 


Diep SEPTEMBER 26TH, 1918. 


Hunter McClure, the son Hunter McClure and Alice Camp 
McClure, was born Rome, Ga., December 23d, 1887. 

After his preparatory education, entered the Georgia School 
Technology from which was graduated June, 1908, with the 
degree Civil Engineering. then entered Cornell Uni- 
versity and because his previous engineering experience during his 
vacations and his advanced credits, was granted the degree Civil 
Engineer June, 1910. 

From September, 1909, September, 1910, Mr. McClure was 
engaged railroad work Transitman valuation surveys the 
lines the Central Georgia Railway Company Alabama; Chain- 
man and Field Draftsman for the Oregon Short Line Railroad Com- 
pany preliminary surveys and location Utah, Oregon, and Idaho; 
and Inspector the construction reinforced concrete snowsheds 
the Cascade Mountains, for the Great Northern Railway Company. 


Memoir prepared the Secretary from information file the Headquarters 
the Society. 
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September, 1910, returned Cornell University Instructor 
the Mechanics Engineering Sibley College; also did post- 
graduate work railway, bridge, and hydraulic engineering. 

From June, 1911, February, 1912, Mr. McClure was the employ 
the American Bridge Company Draftsman shop detail drawings 
steelwork for mill and office buildings, schools, hotels, having 
been stationed the Company’s Pencoyd and Brooklyn and 
the New York office. 

March, 1912, returned the West, where spent two months 
the offices the Northern Pacific Railway Company, St. Paul, 
Minn., and Tacoma, Wash. then entered the service the Idaho 
Northern Railway Company, and was employed until March, 
Instrumentman and Inspector the construction the Payette 


River Bridge. 


March, 1913, Mr. McClure returned the American. Bridge 
Company Draftsman its Gary Plant, but remained until 
July, when was appointed Draftsman the Bridge Department 
the Chesapeake and. Ohio Railway Company, and was engaged 
bridge design, the design roadway structures, plans for the con- 
struction tidewater coal piers, 

remained with this company until October, 1914, when 
accepted position with the Division Valuation, Interstate Com- 


merce Commission, and was sent the Pacific District. After 


month the San Francisco office, Mr. was made 
Assistant Field Engineer charge field party, which position 
resigned December, 1917, enlist the Reserve Engineer Corps, 
then being organized for service the war. 

was commissioned First Lieutenant and trained Camp Lee, 
Va. was afterward assigned Company Engineers, and 
spent some time Camp Humphreys, Va., from which place 
was sent with his regiment France 1918. After his arrival 
France, was taken suddenly ill, with spinal meningitis 
25th, 1918, and died the following day. 

Lieut. was elected Junior the American Society 
Civil Engineers January 4th, 1910, and Associate Member 
October 9th, 1917. 
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PROGRESS REPORT 
THE SPECIAL COMMITTEE 
CODIFY PRESENT PRACTICE THE 
BEARING VALUE SOILS FOR FOUNDATIONS*: 


THE AMERICAN Society ENGINEERS: 


Your Special Committee appointed “To Codify Present Practice the Bearing 
Value Soils for Foundations and Report upon the Physical Characteristics 
Soils Their Relation Engineering Structures” respectfully submits this 
report progress. 

During 1919, three meetings were held, the minutes which were published 
Proceedings, and your Committee’s work has been conducted without cost 
the Society. 

RESULTS QUESTIONNAIRE. 

Under the first division its work, your Committée presents herewith tabular 
and information from replies received the categorical questions 
listed its No, The tabulation (Table and Fig. indicates the 
allowed bearing capacity soils various cities given their Building 
Codes. Your Committee respectfully emphasizes the fact, previously reported 
and clearly shown the tabulation, that the adjectives used describe soils 
not convey adequate idea the characteristics the material. Your Com- 
mittee, however, endeavoring overcome this defect. 


APPARATUS. 


Your Committee also presents for your consideration standard type 
practical field testing apparatus, shown and fully described Plates and 
XII. designing this apparatus the following points have been kept mind: 


First, capacity great enough give curve extending beyond the limit 
safe pressure for ordinary soil or, say, tons per sq. ft. 

Second, degree sensitiveness such give compression diagram for 
soils very light bearing capacity. 

Third, machine requiring for its construction only ordinary labor and 
materials available most construction jobs. 

Fourth, machine requiring for the weight produce compression pressure 
only materials such earth water, available any where 


Presented the Annual Meeting, January 21st, 1920. 
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906 BEARING VALUE SOILS 
These imposed conditions once limit the type machine, and bring the 
construction within ordinary carpentry masonry, combination the two, 
and limit the substances used producing compression two, either water 
earth. 

Index Number, Index Number. 

Quicksand and alluvial soil. Coarse gravel. stratified stone and clay, rock 
Soft clay. inferior best brick masonry. 

Wet clay and soft wet sand. Gravel and sand well cemented. 

Moderately dry clay, and fine sand, clean and dry. 10. Good hardpan hard shale. 

Clay and sand alternate layers. 11. Good hardpan hard shale unexposed air, 
Firm and dry loam clay, hard dry clay frost water. 

fine sand. Very hard native bed-rock. 

coarse sand, stiff gravel, natural Rock under caisson. 

earth. 

NUMBER. 

City. 


Grand 


Jersey 


Lowell..... 
Memphis.... 
New Bedford 
New Orleans. 


Syracuse 

Toledo.... 


Under caisson. 
Sandy loam. 
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After considerable thought, the Committee proposes machine the form 
balanced scale, built principally timber. Its capacity limited about tons, 
which sufficient cover all cases ordinary soils, and give compression 
diagram exceeding the safe load. the event that soils greater lesser bearing 
value are encountered, would necessary substitute other bearing plates 
under the compression post, smaller larger areas. With the exception the 
bearing plates and the screw the top the post for taking compression, all 
materials can shaped and placed the field, and even these could prepared 
form sufficiently accurate for the purpose, there the work blacksmith 
shop and device. 

For measuring the amount compression the soil, the Committee suggests, 
shown Plate XI, mechanical device, very simple character, which pref- 


Material Consolidated Material- 


(See Report Soils 
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Index 
1.—ALLOWED BEARING VALUES SOILS VARIOUS CITIES. 


erable the use wire and scale. The use wire and scale requires that 
constantly watched, and that visual readings the scale taken frequent 
intervals. The high resistance most soils makes the reading the smaller 
penetrations different pressures rather uncertain, and better curve com- 
pression could obtained the method suggested. consists simply board, 
which tacked sheet paper, with straight-edge thin material fastened 
certain fixed distance from nail the compression post, against the upper 
edge the straight-edge. drawing vertical line the paper, definite 
multiple the distance between the hinge and nail the post, multiplied 
diagram the compression for different loads obtained, reading from zero 
line drawn the paper across the straight-edge before starting the test. 
various pressures and compressions, similar lines can drawn and the time and 
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Foundations fail and (j) From sliding bodies 


load noted the paper, and the actual compression reduced the ratio the 
two distances. this means more accurate compressioh diagram can made. 

Attention called the fact that this machine has practically only one moving 
part, viz., the vertical post causing the compression the soil. long this 
post maintains purely vertical position, uninfluenced any distortion any 
other part the machine. From the behavior timber and soil under such con- 
ditions, the Committee inclined believe there will difficulty maintaining 
the post vertical should borne mind that this intended 
practical field testing machine and great degree accuracy should 
expected. However, such machine will take compression tests soil with con- 
siderable degree accuracy. 


Your Committee suggests that causes failure due soils divided 
indicated the following tabulation: 


From unequal loading within 
the elastic limit the soil. 
From loss cohesion. 

(1) Compression (c) crushing edges the 
grains. 

From shrinkage organic 
matter. 

(e) From loss water content. 


(f) From saturation. 
(g) From lack cohesion under 
the influence weight 
and pressure. 
(h) exceeding 


(2) Flowing 


soils becomes 
deficient 
son of: 


material underlying 
and usually inclined layer 
lubricating 
frequently aided water. 

(k) From material 
previously immersed when 
water level 
lowered. 

From sliding structure 
the soil. 

(m) From sliding structure 

together, with the soil. 


(3) Sliding 


From flowing water and the 
fluctuation the water- 
(4) Erosion table. 
From the wind. 
(p) From weathering and frost. 


(5) Chemical Changes (q) From possible 
fluences. 
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Unequal Loading within the Elastic the 
tically all soils possess elastic properties, the amount depending the character 
and quantity the cementing material giving cohesion and the water content. 
unequal loads per unit area are placed such soil, unequal settlements will 
take place. The soil, however, will recover the removal the loads unless 
the latter are great enough overcome its elastic properties, its 
cohesion. Such action most apparent some depth beneath the surface, 
displacement retarded the restraining action the surrounding soil. This 
inequal settlement, though slight, may sufficient with certain soils and structures 
cause trouble. 

evidence such action the rebound, rising, after releasing the jacks, 
piles into the soil direct pressure, may mentioned. The action also 
apparent releasing jacks and wedges when cribwork used temporarily sup- 
porting heavy loads, the underpinning buildings, 

(b).—From Loss Cohesion—The cementing material that which some- 
times binds sand gravel and gives certain degtee stability long 
the cementing holds, even though such cementing not sufficiently firm 
were more secure. Compression material this kind corresponds the 
ing soft rock. means the destruction the structure the cemented 
material and the conversion the mass into granular without 
cementation. This change normally accomplished decrease volume. 

Crushing Edges the granular material 
closely packed, weight transmitted through bearing surface. represented 
the narrow edges many grains. When the pressure increased, some 
these edges are stressed beyond the breaking point and break, and this accom- 
panied compression the material. When the latter composed hard- 
grained silicious materials, the amount compression under pressures commonly 
used engineering works usually small that may neglected. When, 
however, the granular material consists, whole part, grains softer 
material, compression this way may become practical importance. 

containing from 100% organic matter, ranging from clean sands deep 
below the surface, practically free from organic matter, through loams, poor surface 
soils, and river silts containing from 10% more matter, 
rich surface soils and mucks, and, finally, peat, which practically all organic 
matter. Many these organic materials are subject compression under pressure. 
Such materials are not ordinarily built upon, but they must included the 
classification, for completeness. 

containing much water their voids that some may forced out.~ Under 
loading such material tends become compressed, but the rate which com- 
pression takes place limited the rate which the excess quantity water 
able make its exit, and this depends the facilities for draining, including 


the resistance the material the passage water. the material were clay, 
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‘so fine grain perfectly water-tight, the water could never make its 
exit and the particles would then not compressible. With slightly larger 
grain size the water would slowly forced out, but possible that the rate 
exit would slow that gradual settlement might take place, extending 
even through long term years. This condition found some hydraulic 
fills, and seems the most probable explanation some cases where steady 
and long continued slow settlement takes place. 

However, undisturbed soils that have been long subjected natural fluctua- 
tions the water level, stable condition grain structure may exist, which, 
with light loading, appreciable compression may appear, yet the loss water 
content may considerable. This natural condition has been found trans- 
ported soils along the banks and contiguous some rivers and tidal streams. 
structural condition, the existence which should proven, and 
attributable the manner deposition the soil. subjected loading 
without investigation, might cause trouble. 


(f).—From Saturation—Any granular material temporarily saturated with 
water may flow. The condition saturation may brought about either 
two ways, first flow water sufficient strength through material move 
the grains slightly apart, thus increasing temporarily the volume the material 
and making “quicksand” it; second, the sudden compression movement 
material completely saturated with water. 

Lack Cohesion under the Influence Weight and Pressure. 
—This the most commonly considered case flowing. has been more fully 
treated and perhaps better understood than any the others. 

cohesion plays important part limiting the flow. The flow frequently 
slow and corresponds that extremely thick viscous liquid. Such flow 
ordinarily will not begin until certain limits stress have been exceeded for 
that material, but when once begun, will ordinarily continue under much 
lower limits stress than were necessary start the motion. this respect the 
flow material results from the breaking down certain weak structure due 
cohesion cementing, and compared with the movement previously 
mentioned under 


Sliding Bodies Material Underlying and Usually 
Inclined Layer Lubricating Material, Frequently Aided Water: Particular 
Case (h).—This may illustrated landslides, such that the hillside 
which some the Portland, Ore., reservoirs are located. 

(k).—From Sliding Previously Immersed Material when Water Level 
Quickly Lowered: Particular Case (h).—By floods sudden recession the 
water level, bodies saturated materials become unstable and slide when relieved 
the balancing water pressure. This has caused trouble the slopes dams and 
natural and artificial waterways. 


4 
4 
q 


Compression Plate 
SECTION A-A 


Balarjce Beam 12"x 


SPEC 
VALUE 


"Steel Pin 


EZ. 


Anchorage Box 


Parts shown dotted lines may 
varied will, suit local conditions 
and materials available, 


The essential features 
bearing compression 
beam, ballast hopper, counterw 
chorages, and the necessary 
used the following 

After erecting the 
boxes should filled 
and balanced, with the hoppd 
counterweight box. 
‘breasting boards, 
fully leveled, and the bearing 
plumbing down from the plat 
section sewer pipe should 
The compression 

screw adjusted, and the 
light straightedge hinged nea 
vertical line ruled the pag 
distance from the axis the 
the compression post: 
placed the hopper, lines 
straightedge and the time and 
beam should kept level, 
means the adjusting screw. 

The hopper may calibrate 
rect reading the 
used, and provision made 
for drawing them off. 

All contact points should 


PROPOSED STAN 


LOAD TESTING 


| 
3 
7 
| 
ire | 
| oun terweight | ZN \ 
i Zt — y = 
Filling 
be} 
= 
Box. 
PLAN 


een 


12"x 


Sewer Pipe 


Parts shown dotted lines may 
varied will, suit local conditions 
and materials available, 


The essential 
bearing plate, con 
beam, ballast hopp 
chorages, and the_ 
used the fol 

After erecting 
boxes should fil 
and wit 
counterweight bo: 
breasting boards, 
fully leveled, and 
plumbing down 
section sewer 
The 
screw adjusted, 
light straightedge 
line 
distance from the 
the compressio 
placed the 
straightedge and 
means the adju 

The hopper may 
rect reading 
used, and provi 
for drawing them 

All contact poin 


PRO 


PLATE 
AUGUST, 1920, 
PROGRESS REPORT 
SPECIAL COMMITTEE CODIFY 
PRESENT PRACTICE THE BEARING 
VALUE SOILS FOR FOUNDATIONS, ETC. 


ditions 


SECTION 


sential features this device are follows: 
plate, compression post, adjusting screw, balance 
llast hopper, counterweight, saddle beam with an- 
and the necessary recording device. They should 
the following manner: 
recting the anchorage boxes and saddle beam, the 
filled and the balance beam put position 
with the hopper place, filling the 
eight box. After excavating test pit (using 
boards, necessary), the bottom should care- 
eled, and the bearing plate placed position 
down from the plate the balance beam. The 
sewer pipe should then placed and carefully 
The compression post may then placed, the 
justed, and the recording device attached. This con- 
board, which tacked sheet paper, and 
aightedge hinged near the edge the board. 
ine ruled the paper, some fixed ratio the 
from the axis the straightedge nail driven 
ompression post. the start, and weight 
the hopper, lines should drawn along the 
dge and the time and weight recorded. The balance 
ould kept level, the post depressed, 
the adjusting screw. 
pper may calibrated and scale attached for di- 
ling the weight. dry sand water may 
and provision made near the the hopper 
ing them off. 
points should coated with heavy grease. 
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Sliding Structure the such failures take place 
and reduction the frictional resistance between the soil and structure has 
developed, the latter slides the soil without any disturbance the underlying 
material. 

Sliding Structure Together with the areas 
sometimes move taking with them entire structures without local disturbance due 
the structures themselves. 


(n).—From Flowing Water and the Fluctuation the 
trouble reason flowing water are evidenced frequent intervals. Notably 
the case water-front and works when tidal water rises behind such 
structures and causes erosion stages low water, and the case structures 
adjacent streams, erosion around bridge piers, abutments, etc., requir- 
ing rip-rap for their protection. 

The flowing underground water has created sink holes, caverns, fissures, 
and caused trouble undiscovered conditions the soil. 

Failures dams and levees have been caused the percolating water, and 
the consequent erosive action, transporting the fine material the foundation 
beneath the structure through the body the dam levee overtopping the 
crest. 

the action the wind causing erosion the soil 
adjacent structures evident many points where such structures are founded 
the fine sand along lake seacoast desert land. 

(p).—From Weathering and Frost.—Erosive action frost also apparent 
northern latitudes when structures are not founded entirely below the frost range. 
This causes heaving the material adjacent the exposed face, and, thawing, 
softening the material beneath the structure, allowing slight settlement because 
the reduced bearing value the soil. 

When the exposed surface the soil inclined, the softening action the 
sun and the freezing the water content causes tendency for the material 
pass down the slope. This action sometimes apparent railroad cuts where 
overhead bridge structures are built carry highways over the railroads. Unless 
the foundations for such structures are carried considerable depths, not 
uncommon after few years find that the movement the soil from frost and 
sun combined has exposed considerable portion the masonry which was 
originally beneath the ground surface. 


(5).—CHEMICAL CHANGES. 


(q).—While chemical changes rarely appear the direct cause soil 
troubles they are included for the sake All movements growing 
out changes the chemical composition the material, particularly oxidation 
and hydration deep-lying materials when exposed the action air and water 
during the progress the work, may cause trouble. 

not supposed that any strict classification the other 
hand, movement soils will frequently comprise conditions that would classified 
under several the headings, and there will gradations between the different 
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classes, that strict lines can drawn. Nevertheless, classification the 
way which soils move under stress along some such general lines will tend 
views the way which various deformations take place and 
the means for guarding against them. especially hoped that discussion 
will aid arranging for adequate tests materials determine the probability 
their movement under the various kinds stresses that may brought act 
them, and connect actual experience with these methods getting com- 
pressibility, cohesion, and other qualities materials. 


Previous reports your Committee refer the difficulties encountered 
laboratory The subject has involved study which has been 
hindered lack facilities and funds, The presentation uniform methods 
under consideration pending discussion the proposed method expressing 
the grain size, and degree mixing granular materials found soils. 

Size size any particular grain granular material defined 
the diameter sphere equal The size grain always the ultimate 
standard, and the size mesh opening not substituted for it. 

When sieves with rectangular round openings are used, and with all other 
methods separation, the method should tested far possible ascertain the 
actual size separation for that particular sieve procedure, and the result 
should stated grain size rather than terms sieve openings. 

The method determining the size separation sieve depends the fact 
that, mechanical tests, toward the end the operation sifting, the last 
particles that pass are nearly all the same size and approach the size separa- 
tion that sieve. 

The most accurate method determining the diameter particles such 
small portion material the end sifting weigh counted number 
particles and compute the mean diameter from the average weight. 

Method Statement and cumulative mass diagram best 
used for plotting, and all statements should made terms it. The normal 
analysis granular material may tabulated under the two headings, namely, 
size separation, and percentage weight sample finer than size. 

The method reporting the results analysis the separate percentages 
weight between sieves between other limits should never used. 

plotting the results, various kinds cross-section paper may used. The 
matter not first importance, but well selected scheme will facilitate plotting 
and will give equal greater accuracy with smaller number separations. 
plotting made ordinary cross-section paper, the line bends sharply, and many 
sieves must used for full accuracy. logarithmic paper used, the number 
sieves may reduced. Logarithmic probability paper seems best adapted 
plotting mechanical analyses granular materials, and good degree accuracy 
obtained with smaller number size determinations. For this reason this 

Method Reporting Grain mid-grain size defined that size 
such that 50% weight the sample finer than it. This the most generally 
applicable method describing the grain size granular material. 


6) 


o 


=, = 
w = 


914 BEARING VALUE SOILS Papers. 


filtration, the effective size defined that size such that 10% the 
material finer than it. This term has important, though limited, use. 
recognized the Committee and recommended for use whenever the rate flow 
water through the material must considered. 

Range term “mid-grain size” first but does not 
give all the information that needed regarding granular material. remains 
stated whether the particles have small wide range size. 

The Committee has considered various ways stating this. selects most 
easily understood and likely give general satisfaction statement the range 
size the grains, this range being selected include 80% the particles. 
these particles 10% will smaller than the smaller limit, and another 10% will 
larger than the larger limit. 

complete description the grain sizes common sand may thus stated: 


Mid-grain 0.79 mm. 


The sizes material that correspond the various limits are taken 
from mass diagram made from the analysis figures. will thus necessary 
plot the figures for each analysis order get those which are reported. 
Plotting the easiest and most satisfactory way accomplishing this. 
hardship make the plotting for each analysis, easily done, and making 
has the advantage that furnishes check the remainder the work, for any 
marked irregularity the plotted line will tend attract attention erroneous 
result and lead its immediate correction. 

For many purposes the range only may stated without the mid-grain size. 
this done, and the mid-grain size required, may taken the mean 
proportional the limits. This accurate enough fo¥ all ordinary purposes. 

The range ratio defined the ratio between the range limits just described. 
can obtained directly dividing the larger figure the smaller. will 
useful many comparative studies. 

The range ratio term that parallel with the uniformity coefficient. which 
has been used the analysis sand for filtration purposes. parallel 
term only one should used. The uniformity coefficient defined the ratio 
between the effective size and that size which greater than 60% the grains 
weight. The uniformity coefficient approximately equal the 0.6 power the 

After giving the matter much thought and after considerable 
members the Committee, these methods defining grain size and range size 
are recommended having sound and definite basis, and, the other hand, 
being simple and easily understood commend themselves general use. 

Through the courtesy Dr. Stratton, Director, Bureau 
Standards, your Committee appends revised report (Appendix received from 
the Sub-Committee Soils, appointed Dr. Stratton, which Griffith, 
Am. E., was Chairman. The original report received from the Sub- 
Committee file the Engineering Societies Library. 
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Your Committee under consideration plan for further co-operation with 
the Bureau Standards and other scientific laboratories with reference 


divisional phases experimental work. 


With consent your Committee will continue its work during 1920 


Chairman, 
Secretary, 
Epwin JR., 
ALLEN 
MEEM. 


Respectfully submitted, 


Chairman. 
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APPENDIX 


REVISED REPORT SUB-COMMITTEE SOILS, 


STATEMENT PROBLEM, 


This Sub-Committee was asked investigate and report the physical laws 
soils under strain. 

Such investigation implies specification the fundamental physical 
constants which the bearing value the soil depends and determination 
the formulas means which the reactions the soil engineering structures 
can calculated terms these constants. 

far soil structure can considered homogeneous, the fundamental 
laws its behavior have been formulated the general dynamical theory 
tields stress and strain, expressed differential equations; the relations between 
these two fields involving the specific properties the medium (soils). The 
formulas used any engineering problem should course consistent with the 
results this general dynamical theory. Future progress the development 
rational theory soil pressure and bearing value soils distinct from purely 
empirical formulas, depends the application this general theory. This 
requires the discovery exact approximate solutions the differential equa- 
tions stress and strain, applicable boundary conditions simulating typical 
engineering structures. 


INVESTIGATION. 


The determination the stress-strain relations which represent the specific 
properties various soils, and the specifications the constants involved can 
carried out theoretically two ways: 


measuring the stresses and strains small portion soil subjected 
uniform determinate stresses its surfaces that effectively ina 
state homogeneous strain. 

integrating assumed stress-strain relations under boundary conditions 

approximating experimentally realizable conditions, and comparing the 

stresses and displacements calculated with those found experimentally. 

Theoretically, measurement the displacements alone should 

cient verify the theory and determine the values the constants. 

the other hand, the stresses alone are not sufficient for complete 
determination. 


Direct 


The first method, although the most direct, presents very great experimental 
difficulties. The application uniform tangential stresses isolated portion 
soil seems practically impossible and the embedding measuring devices 
large mass soil involves uncertainties due the disturbances produced 
the measuring devices 

The application uniform normal stresses small portion soil does not seem 


hopeless and the Sub-Committee has designed and completed apparatus 
effect this. (See Fig. 3.) 
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This apparatus consists piston, in. square, accurately fitted hole 
in. deep heavy block tool steel. The sides the block are made thick 
enough suffer appreciable displacement even under heavy loads, One side 
the block machined out form the thin diaphragm pressure gauge the 
type described and discussed the previous report the Sub-Committee.* The 
readings the gauge are obtained adjusting the air pressure the chamber 
the other side the diaphragm until the Ames dial, seen through plate-glass 
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Elevation 

window, shows that the diaphragm has returned its undisturbed position. 
motion 0.0001 in. the diaphragm detected the Ames dial, and since 
can continuously maintained its position gradually increasing the air 
pressure during the application the load, seems probable that the gauge will 
read correctly the normal pressure the soil the diaphragm. stated the 
previous report, gauge this type accurate measure pres- 


Proceedings, Am. Soc. E., Papers and Discussions, Vol. XLII (March, 1916), pp. 
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sure, and the experiments Goldbeck and Smith* gauge built the same 
principle indicate that its readings would reliable under displacements less 
than 0.0002 in. possible that more delicate means detecting displace- 
ments may later prove advisable. 

The load the piston obtained and measured placing the instrument 
testing machine, and displacements the piston are read Ames dial 
0.001 in. and estimated 0.0001 in. The apparatus small enough permit 
numerous determinations hand-power testing machine. 

will seen that the effects friction the walls the chamber ean 
made negligible and uniform “lay” the filling obtained, the instrument will 
measure the principal conjugate stresses corresponding the simple type strain 
which consists vertical compression with lateral deformation. 


EXPERIMENTAL DIFFICULTIES. 


William Cain, Soe. E., has raised objections tests made small 
confined masses soil account the “arching” effect granular materials 
bins. The Sub-Committee recognizes that such objections are valid the 
effects wall friction are not eliminated these small masses. they cannot 
eliminated then any hope making direct determination the stress-strain 
relations soils must abandoned, since only small specimen homo- 
geneously strained that such direct determinations can made. The elimination 
wall friction will necessitate the use some coating with coefficient 
volume elasticity and low coefficient shearing elasticity. The Sub-Committee 
had planned use plastic coating. Dr. Basquin has suggested the use 
dental rubber. The best expedient must determined experiment. 

The difficulty securing uniform “lay” the material and the measures 
taken overcome it, were discussed the previous report. the case 
coherent materials, the Sub-Committee proposes prepare accurately dimen- 
sioned specimen and insert the chamber intact. 

The determination the principal stresses this method carries with the 
possibility determining the pressure density relations, investigating the ratio 
conjugate stresses, and testing experimentally various assumed laws stress- 
strain relations, such the Boussinesq which Karl Pearson (London), 
objects, and the Coulomb, and Bell§ theory cohesion. This apparatus 
has not yet been used has only recently been completed. 


The second method the basis the work Coulomb, Rankine, 
and others who have investigated the problem soil pressures and bearing values 
soils. 

The comparison the theoretical stresses and displacements with experimental 
results demands some means measuring stresses and displacements strained 
mass earth. 


Proceedings, Am. Soc. for Testing Materials, Vol. XVI, pp. June, 1916. 

Academie Belgique, Vol. 40, No. 1876. 

Transactions, Am. E., Vol. LXXII (1911), 403; Vol, LXXX (1916), 1315. 
Proceedings, Inst. E., Vol. 199 (1916), pp. 
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Surface Measurements.—If the theoretical basis was secure, the measurement 
surface displacements under known stresses applied the surface would 
sufficient determine the necessary constants the material. Much experimental 
work this kind has been done, but has not produced satisfactory results because 
the lack adequate knowledge the law distribution stress and 
strain inside the material. Some information, however, can obtained from 
tests this kind, and possible that with more complete knowledge the form 
the stress-strain relationship, surface tests may afford sufficient 
determine the constants the various soils. 

Measurements within Mass complete study demands the 
measurement stresses and displacements inside the strained mass soil. These 
experiments are difficult perform accurately, since the inclusion measuring 
device any point the medium will distort the lines stress its neighbor- 
hood unless the stress-strain relations the measuring instrument are identical 
with those the surrounding soil, condition which cannot experimentally 
realized. 

Distortion Lines distortion the lines stress the 
neighborhood inclusions different elastic properties shown number 
experiments. clearly shown the experiments Dean Anson Marston, 
Am. E., the Iowa State College tests culverts and drain tiles. 
Culverts and tiles were deeply immersed the ground these tests. Pressures 
the neighborhoods the inequalities (drain tile) are measured quickly and meth- 
with Goldbeck recording earth gauges. The drain tile carries more than 
the “hydrostatic” head soil above it. The inclusion (tile culvert) diverts 
pressure itself the same manner charged bodies distort electrical field. 
Its action similar that hard bridge-pin softer steel, continuous- 
column, top chord bridge member. acts the same manner Slichter’s 
wells uniform field parallel the ground surface which the flow diverted 
the well and the pressure the neighborhood lowered. Innumerable fields 
different departments physics show results the same kind. 
Boussinesq makes use these analogies applying the laws potential theory 
strain problems the same way proceeds other problems, weir 
determinations, polarization problems, 

the other hand for softer compressible structures immersed the soil the 
stress avoids the region where finds support base. diverted, but 
the surrounding material must take the excess pressure there building 
pressure around the cavity cellular region. Love, Gronval, and others show 
that for elastic structures and cavities the upbuild may twice the mean pressure 
the neighborhood. account this distortion, the measuring apparatus, 
which acts inclusion, must made small possible, reasonable 


experimental results are obtained. 


Measurement stress-measuring devices, the Goldbeck gauge,* 
when carefully used, seems give satisfactory results, provided forms part 


rigid wall enclosing the soil embedded within the soil mass its 


Proceedings, Am. Soc. for Testing Materials, Vol. XVI, pp. June, 1916. 
Proceedings, Am. Soc. for Testing Materials, XVII, pp. 641-654, 1917, 
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indications need correction due concentration lines stress its surface, 
but even then can used for comparative measurements. 

Measurement Displacement.—The errors displacement measurements 
caused the small inclusions are not great, since the local concentration 
stress produces only small changes the displacements, which are mainly deter- 
mined the conditions the field some distance. The difficulty here 
make the inclusions accessible observation. The Sub-Committee has tried 
various devices for measuring the displacements. 


Box. 
SYMMETRICAL Two-DIMENSIONAL STRUCTURES. 


Where the stress-strain conditions the field have plane symmetry and 
tensions act across that plane, the displacements the plane symmetry can 
most easily explored means glass-faced box. Any distinctive particles 
embedded the soil next the glass can used determine the displacements 
the plane the face. This assumes that the friction the soil the glass 
negligible. the case sandy soils this reasonably true, but difficulties are 
expected the case sticky clays, which case the friction the glass 
surface distorts the field. This method measuring displacements most useful 
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uni-planar two-dimensional problems which all planes parallel given 
plane symmetry are symmetry. The larger number engineering 
problems, such retaining walls, wall footings for buildings, are this char- 
acter. laboratory determinations the Sub-Committee has used box shown 
Fig. For particles small wooden plugs, wire nails, and similar 
devices were used, and the displacements points these the exposed area 


Pourds 


| 


<4 
S 


were determined means graduated paper scales attached the glass surface. 
Professor Enger* has used the method photography for qualitative 
determinations and this method may extended quantitative measurements 
using marked particles. 

The Sub-Committee submits typical displacement chart (Fig. illustrate 
this experimental method, which may applied course one body several 


Engineering, Vol. (1916), pp. 
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bodies immersed the medium, to. model foundations, piles, braced shafts 
trenches, retaining walls and dams, fact any mechanical system. 


THREE-DIMENSIONAL PROBLEMS. 

three-dimensional problems, where ‘no plane symmetry exists, 
tensions exist across such planes, the glass-faced box cannot used. The Sub- 
Committee has tried out device the kind shown Fig. 21. Small disks are 
attached flexible wires, which are brought out through flexible tubes 
external measuring devices. course necessary have approximate 
preliminary knowledge the field place the recording rods such way 
that they are not exposed much curvature shear. 

Thin wire sliding glass rods, stiff rubber tubing, Sherardized electric 
conduits are excellent. Ames Wissler dials similar recording devices are 
suitable for determining the displacements. The determinations are easily made 
and require elaborate apparatus nor refined manipulation. Only compara- 
tively few observations are required tie the fields quantitatively, when 
general character the field known advance from calculations com- 
parison with the analogous problems physics. 


THEORIES FRICTIONAL EQUILIBRIUM. 


Coulomb and Rankine and their followers assume that the soil equilibrium 
state incipient slip and that the stress-strain relations are for practical 
purposes determined solely the friction the slipping layers. Rankine assumes 
that the friction determined solely the normal pressure and proportional 
it, while Coulomb assumed additive constant term due “cohesion” and 
proportional only the area slip. Where experimentally incipient slipping 
replaced actual slipping areas, this frictional resistance can measured. 

Measurement Coefficients the importance these 
frictional forces determining soil equilibrium the Sub-Committee devised 
apparatus, described the previous report, designed measure frictional forces 
soils more accurately than was possible with the sliding box method used 
numerous investigators.* 

The tests with these rotary displacement cups, sort “paddle plasticimeter” 
materials under pressure have already been described the previous 
reports. The Sub-Committee agrees with Professor Cain that there are difficulties 
interpretation the results. was thought advisable, therefore, submit 
further list results, which are given the curves Figs. com- 
plete that special investigation along the lines that Professor originally 
thought desirable. These results may considered connection with tests 
the previous report. The observed normal pressures, and shear, are shown 
the values given the sides the curves. The position the straight line 
was determined graphically lieu least square determination, clear the 
drawings. materials used thus far are confined standard sands (20-30 
mesh), and Kentucky ball clays with various degrees moisture, for these repre- 


Goodrich, Am. Soc. E., Transactions, Am. Soc. Vol. LIIT (1904), 
Bell, Minutes Proceedings, Inst. E., Vol. 199 pp. William Cain, 
Am. Soc. E., Transactions, Am. Soc. E., Vol. LXXX (1916), 1317. 


Transactions, Am. Soc. E., Vol. LXXX (1916), pp. 1322-1325. 
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Shear, q,in Pounds per Square Inch 
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sent two limiting aspects, granular and plastic types material, which particle 
sizes are sufficiently well defined without going the labor making mechanical 
analyses. The following are the general conclusions drawn the Sub-Committee 


TESTs. 


for 20-30 sand (silica), clean dry sand (Figs. 10): 

The mean straight lines the first series piston loads pass very nearly 
through the origin, showing that initial shear and cohesion effects are very small 
small loads. This confirms the results for dry sand given the previous report, 
which represented two sets averages (five tests each). 

The mean straight lines the fifth set runs, after successive applications 
and removals load, show higher intercept the axis ordinates, than the 


240 


Shear,q,in per Square Inch 


Normal Pressure, Pounds per Square Inch 


preceding, the range being from per sq. in. will noted, however, 
that the curve, (p,), drawn through the plotted observations (indicated 
the small circles), actually starts from the origin, but its initial slope quite 
large near the origin. The Sub-Committee nevertheless accepts, with the qualifi- 
given later, the behavior the mean curve (the straight line) being 
conformity with the theory Cain and Bell. 

The friction shown the slope the mean curve, and the 
angle friction, the assumption Cain and Bell, are nearly 
constant throughout, having mean values 0.378 and 20° 27’, respectively, and are 
much lower than the corresponding values 0.82, 1,15, and 39° 20’, 49° 20’, found 
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the preceding reports Rankine’s assumption, where the straight lines were 
assumed pass through the origin, the absolute term, being Zero. 

The assumption Cain and Bell more nearly applicable the case the 
ball clays where initial cohesion and initial friction are known exist. 


2.—Tests Kentucky ball clay with different percentages moisture (Figs. 
18): 


seen these tests that the straight lines before lie near the origin 
the first runs, the case sand, The initial stress very low may 
found direct tension tests when the material under the same degree 
compaction. 

the fifth runs there well defined intercept showing every evidence 
initial shear and friction the material. 

There first gradual falling off the coefficients and angles friction 
with the quantity moisture, and pronounced falling off the material reaches 
the stage normal plasticity, would expected. The values the fifth 
runs are about 0.4 0.5 those the first runs. 


Cohesive forces have appreciable magnitudes only very small distances. 
the case granular materials such sand, only extremely small portions the 
surfaces the individual grains are sufficiently close contact for cohesive forces 
have any appreciable magnitude, and, consequently, they can produce only 
very small effect the frictional resistances measured. Consequently, the 
existence finite intercept the axis shearing friction shown these 
curves, that is, constant term the relation, interpreted 
proving the existence cohesion, the case sand, least, seems rather 
effect Reynold’s phenomenon dilatancy which discussed later. 
From this viewpoint the shape the curve near the origin explained the 
ease with which under loads the increase volume necessary the sliding 
the grains effected. 

the case clays and other very fine aggregates, coarser aggregates, where 
the interstices are filled with matrix very fine material, the distances between 
the individual particles are small enough permit cohesive forces become 
appreciable. The existence cohesive forces, however, does not exclude the 
existence dilatant effects, that quantitative determination cohesion 
coefficients from observation friction does not seem possible. The Sub- 
Committee, therefore, prefers make quantitative determinations cohesion 
coefficients direct tension experiments accordance with its previous plans. 


connection with these experiments, other experiments the “caking” 
materials were undertaken which show clearly some the limitations the 
Rankine hypothesis. 

was found, the first place, that for practically all tests clean dry sand 
moderate sized particles compressed piston loads several hundred pounds 
per square inch, figure may easily traced the sand after the piston 
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removed. The cohesion fact slight that the sand, the particles are not 
too may used repeatedly for tests after small amount shaking. 
however, smaller sized particles are used successive tests, there comes time 
when pronounced caking the mass occurs. This caking evidence 
cohesion. was found occur making measurements silica dust, lime 
hydrates, Portland cements, sawdust, ete. general, the smaller the particles the 
lower the critical stress which caking occurs. Some materials such powdered 
graphite cohere with minimum moisture present the pores and without any 
external 

Very fluffy Portland cement passing Am. fineness specifications, 
evidently ground within few months, was subjected the following tests: The 
cement its loose state was placed brass cylinder 2-in. diameter and 
close fitting piston was inserted. load lb. per sq. in. was applied with 
small Olsen machine. The piston was removed and the cement found 
the same condition when inserted. new sample was then placed 
the cylinder and the operation repeated with higher load. For each new loading 
the previous sample was discarded and new one substituted. The first evidence 
incipient caking under these conditions was found occur pressure 
approximately per sq. in. about lb. per sq. in. well defined caking 
had the other hand, the case ball clay normal plasticity, the 
plastic state was maintained loads 4000 lb. per sq. in., although for lower 
percentages moisture caking takes place lower pressures, the critical region 
depending also the fineness the particles. 

These observations are cited show that the lateral pressure bin cannot 
figured any degree precision quantitatively equations which the 
pressures and frictions alone are considered. the case cements and limes 
undoubtedly the moisture and degree fineness particles are important factors, 
and results different observers will vary when the determinations tan. are 
made accordance with Rankine’s equation. 


THEORIES 


The work Boussinesq perhaps the most comprehensive theoretical work 
soil pressure and bearing values soils. Boussinesq discusses two limiting cases, 
elastic soil and pulverulent soil. the case elastic earth,* works 
out the effect locally applied stresses surface, calculating the stress distri- 
bution and displacements the body the mass. 


VARIATION STRESS WITH 


special case that vertical load, applied point horizontal free 
surface. this case (Fig. 19) the vertical pressure, acting horizontal 
element area vertical distance, below the surface and distance, from 
the point application the load, given the formula: 


“Applications des Potentiels,” Paris, 1885, pp. 
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This equation independent the elastic moduli the medium, but assumes 
that the strains are small and that within their range the elastic moduli are 
constant. 


Gage Pressures trom Tests 


per Square Inch 


> 


ssure,in Pounds 


Lateral Distance,r,in Inches 


WITH TESTS. 


CoMPARISON WITH EXPERIMENTS. 


This case corresponds roughly Goldbeck’s* experiments, Goldbeck’s pres- 
sure determinations were made bin filled depths 12, 24, and and 
and with loads, high 4000 5000 The gauges were set the bottom 
the bin distances varying from in. in. from the center and the 
median plane. Goldbeck’s measured curves are shown Fig. full lines, 
those elastic theory for point load broken lines. The pressure 
heads are given ordinates and the gauge distances The results 
Goldbeck are formally confirmed and The curves are 
the same type those the Society’s Special Committee Stresses Rail- 

Proceedings, Am. Soc. for Testing Materials, Vol. 17, 1917, pp. 
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road Track Talbot, Past-President, Am. Chairman)* for stress 
distributions under ties. 

the curves are inverted their shape agrees formally, not strictly analytically, 
would expected, with the curves for the drop hydrostatic pressure water 
flowing through sand toward 

comparison the observed with the theoretical curve shows that the con- 
centration stress directly under the load greater than the theory would 
indicate, but that the general character the curves the same, the agreement 
becoming closer the greater the distance below the surface. 


Discussion 


The numerical disagreement between the theory and experiment probably arises 
from two causes: First, the upper layers the displacements are not small 
the theoretical case demands and, 
second, the theory applies strictly 
coherent mass which can sustain 
tensile stresses, which not wholly 
true the sand used Goldbeck. 
examination the theoretical 
case shows that there limiting 
cone between the regions subjected 
only normal pressures and the 
regions subjected both pressures 
and tensions. (See Fig. 20.) the 
elastic solid the outer 
region pressure and tension con- 
tributes the distribution stress, 
while the case soils, which can- 
not support tension any marked 
degree, the surface between these 
regions represents surface dis- 
continuity strain resulting Cone with Wrapper Earth 
greater concentration stress within 
the compression cone. This cone, 
course, will have different angles for 
different types material, but 
probable that will not differ widely 
worked out the case 
sure applied the vertex 
right cone subject 


Tensions 
Pressures 


Pressures. 


¢ 


Load 


f 


stress over its mantle surface. 

seems probable that this case may 

approximate the effect concentrated load free soil surface the 
cone supposed subject surface tension replace the “wrapper” soil. 


Proceedings, Am. Soc. E., Papers and Discussions, Vol. XLVI (March, 1920), pp. 251-304. 
King, 19th Annual Report, Geological Survey, 1897—1898, pp. 264—271. 
Proceedings, London Mathematical Soc., Vol. (1900), 23. 
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(See Fig. 20.) The actual stress distribution will probably lie between this solution 
Michel’s and the one given Boussinesq discussed previously. 


CONFINED AGGREGATES. 


order study the behavior such portions earth, the Sub-Committee 
planned study experimentally the behavior frustums cones wrapped with 
suitable envelopes simulate the inert material outside the cone. 
Actual experiments have been carried out only the limiting case where the cone 
becomes right cylinder. Results tests with cylinders tracing cloth, paper, 
heavy cardboard, and steel wrappers are given Table 


TABLE 2.—Tests DEMONSTRATE THE LAW FRICTIONAL DUE 
ENVELOPES. 


Description Loa 
strength Aggregate. Matrix. supported, Remarks. 
container. pounds. 

Mailing tube, in. 
in., sheliacked well shaken. tension. 

tube, Water forced 
diameter 720 gravel, |Water filling 520 through pores 
board. 

Cylinder, di- 
ameter 
long, Manila draw- icall 860 Wrinkling the 
ing paper with 1-in. cally sand. one. container. 
wood disk top and 

cept envelope sand. None. 620 container. 
tracing cloth...... 

-in. roofing Wrinkling hoop 

cept envelope Practically None. 940 
tracing cloth...... gravel. container. 

Same above, but roofin Wrinkling hoop 
cloth actically zero. Water. 740 container. 


seen from these tests (Table 2), that reason its hoop tension 
the strength 34-in. mailing tube, filled with aggregate, permits 
upbuilding grain friction the extent that the carton supports load 
4520 lb. tracing cloth container, in. diameter, filled with aggregate, 
may support high as.940 lb. No. gauge steel container, in. diameter 
and ft. long, filled with river gravel without matrix, supported 

These results also answer the question raised the late Thomas Johnson, 
Am. E., how was possible for the head steel rail support 
load 160000 Ib. per sq. in. without yielding. The material under excessive 


stress confined the surrounding portion the rail that the support 
largely that due resistance strain. 
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VARIATION DISPLACEMENT WITH DEPTH. 


order test from another standpoint the applicability the elastic theory 
the case concentrated loads, the Sub-Committee made numerous tests with 
the apparatus already described (Fig. 21), determine the law decrease 
vertical displacement (w) with depth 
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0.012 


Displacement, Inches 


Depth, Inches 


Fic. VERTICAL DISPLACEMENT WITH DEPTH. 


For calculating the theoretical displacements (w), paraboloidal distribution 
stress over the face the loaded disk was assumed, since known that the 
stress varies from zero the rim maximum the axis. This law checks 
well with some independent data Enger* and conformity with the 
analytical methods Boussinesq. This treatment does away with the stress dis- 


continuity the rim where the stress would infinite slight flow and 


Engineering, Vol. (1916), pp. 
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easement did not take place. bearing-plate under column must rounded 
slightly the edges prevent marking the plattens testing machines. 


CoMPARISON WITH EXPERIMENT. 


this assumption, the displacement function, w,, representing the displace- 
ment different vertical depths below the load, was calculated. The displace- 
ments found using the embedded glass tubes and small plates all cases 
dropped below the theoretical values, but the curves, two which are given 
Figs. and 22, are formally agreement. The discrepancy 
between the full and broken lines would appear due the fact that the 
material was too compressible for the theory small strains apply. 


Displacement, Inches 


= 


Depth, Inches 


22.—DECREASE VERTICAL DISPLACEMENT WITH DEPTH. 


addition, the failure the soil resist tension produces greater displace- 
ments close the load. With such large displacements will necessary 
consider hysteresis effects and also retain the second-order terms, which 
ordinarily are discarded theory. has applied this method 
his theory pulverulent media.* 


EXPERIMENTS SURFACE DISPLACEMENTS. 


with these experiments, large number tests were made 
which surface displacements alone were measured. Loads were applied disk 
acting the top surface the soil, which was provided with vertical guides 
having little friction. The displacement this disk was measured Ames 


Academie Belgique, Vol. 40, No. 1876. 
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dial attached framework fixed with reference the undisturbed surface 
the earth. this manner numerous curves were obtained applying loads 
pressures several tons per square foot different places the hetero- 
geneous soils the Pittsburgh Arsenal grounds. load-displacement 
diagram shown Fig. 23. was the intention the Sub-Committee study 
this way the strain-hysteresis effects which are shown soils. plotting the 
areas the loops the curve representing energy absorption, was planned 
investigate the manner which this energy decreased with successive cycles 
stress. soil stable condition cyclic loading the ordinates repre- 
senting areas would follow horizontal straight line. the actual soils the 
ordinates grow less with repeated loads and, the same time, the load displace- 
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ment curves grow steeper, corresponding reduced volumetric strain with 
“working” the material. Samples the soil were cut out the solid ground 
the neighborhood the loaded areas, but sufficient distance insure that 
they had not been permanently deformed the loads applied. They were care- 
fully trimmed size with knife, coated with paraffin, and tested for bulk density. 
These samples were tested volumeters and other standard methods. 
Mechanical analyses were made methods commonly use. was 
found that the pressure-deformation results the field tests seemed parallel 
roughly the density determinations, but more extensive experiments are needed 
prove this conclusively. The soils the Arsenal grounds were not always 


uniform treated perfectly isotropic materials. 
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RELATIONS. 

All these investigations have emphasized the necessity more thorough 
study the relations between volumetric strain and stress. These relations are 
especially important where the yielding the soil without compression would 
necessitate the moving large masses earth extending through relatively large 
volumes, in’ the case piles and foundations. 

number pressure-strain curves for sands and clays have been deter- 
mined, which show roughly how the compression the material varies with its 


Load,in Pounde per Square Inch 


Strain Inches 


Fic. BALL CLAY NORMAL 
PLASTICITY, 


compaction (Figs. 24, 25, and 26), and bear out the observations Darwin* that 
sand suffers marked changes density under load, thus vitiating the theories 
which treat practically constant volume. clays, there addition 
marked time change. 


the phenomenon dilatancy for the various This phenomenon was dis- 


Minutes Proceedings, Inst. Vol. 71, 350. 
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covered Osborne Reynolds* who observed that the shearing distortion 
granular material from position equilibrium under stress was accom- 
panied increase volume, and that the material was confined that 
the necessary increase volume was restrained, the distortion could only 
produced the action large stresses which compressed the individual grains. 
described number striking experiments which illustrate importance 
this phenomenon the question the bearing value soils. 

particular, filled thin rubber bag (toy balloon) with dry sand. 
this condition its shape changed readily and, when placed flat surface, its 
top assumed slope nearly that heap unconfined sand, showing that the 
rubber bag offered practically resistance distortion. When, however, 
saturated the sand with water and sealed the bag, the air could longer pene- 
trate freely. between the sand grains, and the atmospheric pressure maintained 
the volume the sack and its contents nearly constant. this condition the 
sand behaved like elastic solid. Thus confined, disk sand about in. 


thick sustained load several hundred pounds. The explanation the phenom- 


enon lies the tendency the granular material equilibrium approach 
condition closest packing, which, ordinary fields force, represents 
condition minimum energy. When condition closest packing, 
change another configuration without distorting the individual grains can 
only take place increasing the average distance the grains and thus increas- 
ing the volume. the distortion continued, the grains will again fall into 
new position closest packing, that the average density small portions 
the material passes through successive maxima and minima. these conditions 
maximum and minimum density will not coincident throughout the whole 
strained mass, its volume for any state shearing strain will always greater 

The importance this phenomenon engineering problems the bearing 
values soils shown many observations. The difficulty driving piles 
saturated sand, the increase with time the load piles after the 
distorted soil has again settled condition closest packing, the sand 
“locking” driftwood beach, are examples the effect this phenomenon. 
The Brooklyn Bridge piers are safely founded sand, because there are 
rifts the surrounding medium. 

The volume-strain relations medium showing dilatancy cannot 
expressed single coefficient volume expansion, but require investigation 
the relation between shearing stress and volume change. 

The phenomena dilatancy are most noticeable granular media having 
high coefficient volume elasticity and become less apparent with more com- 
pressible materials, where the increase volume due shear masked the 
relatively large reduction volume due small pressures. Sand and gravel 
show marked degree, sawdust only slightly, while materials such 
clay the effect not apparent. study the variability dilatancy with com- 
pressibility, numerous tests were made determine the effect capsule inclu- 
sions sand and clay. The tests showed that the capsule “grains” first follow 

Philosophic Magazine, Vol. 20, 1885, pp. 469 seq. 
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approximately the laws rigid particles tending take arrays stable equilib- 
rium. Under further pressure the elasticity the capsules comes into play, 
and they ultimately collapse, giving stress-strain curves analogous plastic 
materials such clays. Plastic clays are full small air. 

practical effect dilatancy the case materials confined under 
foundations large masses soil surrounding piles make the distribution 
stress and strain conform more nearly that elastic solid and diverge 
more widely from the state frictional equilibrium which the basis the 
Rankine and Coulomb theories. 


GENERAL CONCLUSIONS AND RECOMMENDATIONS. 


The object this investigation was ascertain whether the laws earth 
resistance and the bearing value soils admitted codification furnish 
basis for standardization practical design, and plan researches with that 
object view. 

The conclusion that such codification cannot based 
frictional theory earth resistance such the Coulomb and Rankine theories, 
but must based theory elastic equilibrium with frictional equilibrium 
limiting state determining the discontinuities the field. The laws 
elastic equilibrium are not imposed the materials these older 
theories, but must determined experimentally and interpreted terms the 
general theory stress-strain distribution. 
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BRIDGE VERSUS TUNNEL FOR THE 
PROPOSED HUDSON RIVER CROSSING NEW YORK CITY 


PRESENTED SEPTEMBER 1920. 


While making lately some extensive calculations concerning the costs and 
economics long-span suspension bridges for his forthcoming treatise 
“Economics Bridgework,” the writer has had occasion figure weights 
metal for number such spans; and means the resulting data was 
able undertake investigation the comparative costs and efficiencies 
bridges and tunnels for the long-talked-of crossing the North River New 
York City. Thinking that the present auspicious time for thorough 
discussion the subject, has collected and condensed the results his labors 
and incorporated them herein for the Society. 

For some years the writer has been the opinion that the best and most 
economic solution the problem under consideration carry all street cars 
and subway cars beneath the water and the strictly highway traffic above it. 
far the question desirability concerned, this arrangement would 
the best practicable for the following reasons: 


respect cost operation, the tunnel would require dip ft. 
below high water, and the bridge rise 180 ft. above it; consequently, 
evident that, far the matter expenditure energy concerned, the 
tunnel would decidedly preferable. The difference cost power would 
very apparent the management the electric railways, and, possibly, also 
the operators heavy trucks, but would not noticed all the owners 
automobiles used mainly for pleasure traffic. When automobilist must 
climb long, heavy grade, seldom considers the extra cost gasoline; but 
the officers electric railway line generally figure with the greatest care 
the item power expense, and aim reduce minimum. 

2.—In regard the difference the expenditures time climbing 
and down the approaches the two crossings under comparison, the gravity 
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this matter would duly appreciated the railroad company and more less 
the operators trucks, but would not recognized automobile owners 
and users. 

3.—As the agreeableness the two kinds crossing, while people not 
particularly fancy going underground before they are ultimately compelled to, 
they soon become passing beneath the water electric cars, 
evidenced the many New York business men and women who reside Long 
Island New Jersey. Perhaps, time, the drivers trucks would become 
used traversing tunnels not object the gloom that inherent such 
passage; but the general public, almost man (and certainly woman), 
would always greatly prefer driving over structure that provides good air and 
light, and usually fine view the ,harbor and the surrounding country, 
comparison with traversing long, cramped, and dingy tube. 

relation the question sanitation, there practically greater 
danger health passing through tunnel which the power used always 
electrical than there traversing bridge; but the safe ventilation tube 
carrying automobile traffic yet unsolved problem. Figures show that such 
ventilation, feasible, would exceedingly expensive, and the velocity the 
passing air would excessive. 

Again, carbon monoxide, like arsenic, cumulative poison, there exists 
possibility that the regular daily passage through tube where the gas remains 
constantly, even minute quantities, would eventually undermine one’s health. 
Besides, there always the chance blockade traffic with the tunnel full 
automobiles, and these may counted discharge more less products 
combustion even when standing still. Such blockade might result 
holocaust. 

The writer sees serious objection, however, building the contemplated 
highway tunnels under the North River; because if, after completion, they prove 
unsafe, otherwise unsatisfactory for automobile traffic, they can either 
used electric railway cars else moving platform can put 
carry vehicles through without use their own power. ‘The experiment auto- 
mobile transportation through long tunnels might worth making, for the 
results any event would prove great interest and value the Engineering 
Profession, well the general public. 


Basis Cost 


making the comparative estimates cost bridges and tunnels for this 
crossing, the writer adopted grades the approaches both structures, and 
clear roadways ft., with sidewalks ft. wide. utilized basis for 
his comparison the cost estimates for tunnels given the report Clifford 
Holland, Am. E., Chief Engineer the New York State Bridge and 
Tunnel Commission and the New Jersey Interstate Bridge and Tunnel Com- 
mission; but was necessary modify some the items for the increased 
diameter tube and the steeper approach grades, also omit the costs 
equipment and administration, these are not included the bridge estimates. 

For the modification cost due changed diameter tube, was assumed 
that the cost per linear foot increases and decreases the square the exterior 
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diameter. This assumption almost exactly correct, because the thickness 
the shell varies directly with the diameter, does also the length the periphery, 
consequently, the volume the shell approximately proportional the square 
the diameter. Again, the volume excavation for any shield-driven, circular 
tunnel varies the square the diameter; and almost the entire cost per 
linear foot that the shell plus that the excavation, evident that the 
assumption mentioned justified. 

Increasing the exterior diameter the tube ft. makes the interior 
diameter ft. This just enough provide clear roadway ft. the 
highway tunnel and allows just enough space for two lines the widest subway 
cars the electric-railway tunnel. 


Total Costs, Millions Dollars. 
eae 
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ELECTRIC RAILWAY BRIDGES AND TUNNELS, 
WITH APPROACHES. 


For Crossings Similar That the North River 
New York City. 
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the latter type feasible contrast the cost double-track tube 
with that two single-track tubes; but highway tunnel not, because 
break-down single vehicle would block all traffic until hauled out 
sending double-ender wrecking-car into the tube reverse direction that 
the traffic. With such occurrence double-track tunnel, the automobiles 
could pass the wrecked vehicle. 

there was accidental stoppage electric railway car single-track 
tube, would cause more obstruction rail traffic than would the 
accident had taken place double-track tube that operates both directions. 

The writer computed all the quantities materials substructure, super- 
structure, and approaches six structures, order plot the two cost curves 
for bridges shown Fig. that diagram are given the total costs for 
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bridges with their approaches and for tunnels with their approaches, based 
the unit prices which governed the time the tunnel estimates were 
The principal unit prices are follows: 


Wire cables 0.23 per lb. 
Plain concrete shafts and 16.00 yd. 


proportioning the substructures the writer made the dimensions small 
considerations true efficiency would permit, and did not attempt any 
beautification structure unnecessary enlargement piers. these are 
properly built meet all possible conditions loading and provide against 
future deterioration caused the elements, that ought suffice and should 
deemed good engineering practice. 

order make the investigation general instead particular, 
apply all similar river crossings very high-level suspension bridges, the 
span lengths were assumed 1500, 300, and 000 ft., permit the plotting 
curves total costs for both bridges and tunnels, with their approaches, for 
various widths river. this special case the span length would have 
about ft.; and all cases the length the horizontal portion the tunnel 
has been assumed exactly equal that the main span the competing 
bridge. 

highway structure comparison there were adopted for the bridge three 
clear roadways ft. each, and two sidewalks ft. each, corresponding 
four double-track tubes each ft. clear roadway. The driveways were assumed 
consist creosoted wooden block pavement supported reinforced concrete 
slab, and the sidewalks granitoid. 

the electric-railway structure comparison, the floors were assumed 
the open type, having wooden ties and guard-rails and the usual steel rails; 
and eight lines track were adopted compare with four lines double- 
track tubes and with eight lines single-track tubes. 

every possible manner the comparison was made fair and equitable, except 
that the costs right way and property damages for the approaches, for 
obvious reasons, had ignored. This militated against the tunnel; therefore, 
any actual case comparison, allowance would have made for the 
difference cost right way and property damages for the approaches the 
two structures. the case the bridge, purchasing large city block close 
the water and building spiral approach thereon, the cost the said right 
way and property damages would reduced minimum; and even that cost 
might offset constructing high office building above the spiral. Such 
building, owing its location, ought possess high rental value. 

Fig. shows the total costs main span, piers, and approaches for both high- 
way and electric railway bridges, and those the corresponding tunnels. 
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Costs. 
previously indicated, the shortest span length that can used for the 
proposed North River Bridge about 2900 ft., for which length Fig. gives 
approximately the following costs: 


Highway bridge .............. 


Four double-track electric-railway tunnels............. 
Eight single-track, electric-railway 


This indicates that there saving cost favor the highway bridge 
amounting $16 500 000, and one favor single-track, electric- 
railway tunnels. The former saving far greater than the difference costs 
right way and property damages for bridge and tunnel ever likely be; 
hence, the conclusion reached that, for the proposed North River crossing, 
not only better from every point view, but also more economical carry 
automobile traffic bridge and carry electric trains single-track tunnels. 
The question arises how cheaply there could built present prices 
combination bridge and tunnels care for both kinds traffic. For 
number years two single-track tubes would take care the electric-railway 
trains, hence, the cost would follows: 


were decided that bridge having total width roadways ft. 
and two 11-ft. sidewalks inside the trusses, would suffice for possible future 
conditions traffic, the amount money required for the combination would 
reduce about $33 500 000. 

must not forgotten that these totals not include any allowance for 
right way, property damages, equipment, administration. 

conclusion, the writer offers the suggestion that, view the facts pre- 
sented, might advisable give the economics the proposed crossing the 
North River some further study before finally committing the community the 
policy that now contemplated. 
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LARGER SHIPS, DEEPER HARBORS, AND 
BETTER DREDGES 


PRESENTED OcTOBER 6TH, 1920. 


The purpose this paper attention the need better dredging 
machinery meet present-day conditions, and deeper channels and harbors 
order obtain increased economy marine transport, this being the end 
which efficient dredging machines are the means. present-day costs labor, 
fuel, and material are met, new standard efficiency necessary, and 
projects requiring dredging should now reconsidered the light these 
costs, which should offset far possible improved and more 
efficient machines, 

The writer gives specific points which dredging machines are being improved, 
and indicates the lines which further improvement can made. also touches 
the larger question the economics shipping being bound with the 
general question improvement harbors, dredging plant, and marine transport, 
generally, and concerning which there great need the dissemination further 
knowledge and discussion competent men. 

Three conclusions are given: First, that increased economy marine transport 
can gained larger units more efficiently utilized; second, that deeper channels 
and harbors are essential such and, third, that more modern and 
efficient dredging plant than has been used heretofore now 

These points are not new, indeed they are almost self-evident, but discussion 
them may lead better understanding the means which the desired 
ends can accomplished. 


Members who desire copy this paper full are requested fill out 
the order blank the last page this number Proceedings and forward 
the office the Secretary. The paper contains pages and not 
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THE PROBABLE VARIATIONS YEARLY RUN-OFF 
DETERMINED 
FROM STUDY CALIFORNIA STREAMS* 


Data the variations the quantity the yearly run-off rivers are 
susceptible treatment the theory probability. The purpose this paper 
study the actual variations the measured yearly run-off California 
streams order construct probability cross-section paper which, means 
straight-line relation, the probable minimum and maximum yearly run-offs 
which are likely occur once period 100 years, may determined for 
any stream from the available run-off data for that stream. 

connection with the study, the relation between the arithmetic mean, the 
median, and the most probable values the yearly run-off were also established, 
least approximately. The cross-section paper, constructed result this 
investigation, and which was named the writer “Hydraulic Probability 
Paper”, can used estimating the relative wetness and dryness individual 
years, terms the probable absolute wettest and dryest years. using 
these indices the relative wetness and dryness, the probable values the 
yearly run-off can estimated for streams for which there are few 


records, and for many years run-off measurements have been taken 
neighboring drainage areas. 


Members who desire copy this paper full are requested fill out 
the order blank the last page this number Proceedings and forward 
the office the Secretary. The paper contains pages, including 
tables, and illustrated diagrams. 


GRAVITY AND ARCH ACTION CURVED DAMS.* 


Dam engineering has reached stage where should practiced exact 
science. The present method designing arch dams means the cylinder 
formula very unsatisfactory many respects. the other hand, all mathe- 
matical solutions the problem curved dams, published heretofore, are rather 


*These papers will not_be presented for discussion any meeting the Society, but written 
communications the are invited for distribution and publication with the papers 
Transactions. 
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complicated and will hardly used the average engineer, past experience 
has shown. 

The writer shows this paper some simple methods for determining 
arch dam the proportion load carried either gravity, that say, vertical 
cantilever action, horizontal arching. The accuracy these methods com- 
pares very favorably with that obtained the purely mathematical solution 
the problem arched dams, and, the other hand, they are simple that any 
engineer should able use them with ease. 


applying these methods some typical examples existing arch dams 
shown: 


curved dam gravity section can depended have any 
amount water pressure supported horizontal arching the time 


low temperature, unless the dam should have failed before gravity 
action. 

2.—That probably all existing curved dams reduced gravity section have 
failed gravity action that they have cracked either between the 
masonry and the foundation, the masonry itself. 

3.—That the usual method the stresses arch dams the well 
known “cylinder formula” fails furnish correct 


Further, some simple approximate formulas are developed for the determina- 
tion the temperature and shrinkage stresses arch dams. shown that 
these secondary stresses general are least high the assumed maximum 
stresses from water pressure alone and that every instance they are higher than 
would tolerated for any other unreinforced masonary structure scientific 
design. 

Attention also called the fact that the facter safety straight 
gravity dam much lower than generally assumed, and method given 
the soil pressure for curved dam considered monolith “hoof” 
form. 


Members who desire copy this paper full are requested fill out 
the order blank the last page this number Proceedings and forward 
the office the Secretary. The paper contains pages, including 
tables, and illustrated diagrams. 


- 


Vol. SEPTEMBER, 1920. No. 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed its publications. 


CONTENTS 


PAGE 


Engineering Societies Address the Annual Convention 
Portland, Ore., August 10th, 1920. 


Synopsis Paper Ready for Distribution: 
Investigation Stresses Derricks. 


DISCUSSIONS AND MEMOIRS READY FOR DISTRIBUTION 


Discussions: 
Hydraulic-Fill Dams. 


Memoirs: 
MEMBERS: THOMAS WILLIAM JAYCOX. 
ASSOCIATES GEORGE WELLMAN PARSONS. 
JAMES TAYLOR LANDRETH. 


| 
| 
955 
965 
\ 


For Index all Papers, the discussion which current, 


see the back the cover 


ee) 


Vol. XLVI. SEPTEMBER, 1920. 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed its publications 


FEDERATED ENGINEERING SOCIETIES AMERICA 


ADDRESS THE ANNUAL CONVENTION PORTLAND, ORE., 
AUGUST 1920. 


The demand for active participation all engineers civic and other work 
for the general benefit mankind and the advancement the Engineering 
Profession has been growing for many years, and greater to-day than ever 
before. Various plans for accomplishing this purpose are suggested, and the pres- 
sure has been such that the American Society Civil Engineers and the other 
Founder Societies have each taken more less active part such work, 

Recognizing the necessity combining efforts this line, and also the 
desirability somewhat separating such activities from the technical functions 
these societies, Engineering Council was formed with the idea that would 
represent the four Founder Societies and gradually add this number through 
powers conferred upon for that purpose, has, the three years its exist- 
ence, added the American Society for Testing Materials and the American Rail- 
way Engineering Association, but still far from embracing all the Engineering 
Societies the country. has some fundamental weaknesses. lacks 
representative character and democracy, and without power raise funds, but 
must depend upon voluntary contributions from its constituent societies and 
others. Experience has shown that these deficiencies can best remedied 
substituting league féderation designed include all the Engineering 
Societies, National, State, regional, and local. constitution this effect was 
adopted the convention Washington June. The federation does not 
provide for any individual members, but merely instrument for combining 
the efforts existing societies forming them into federation with definite 
powers and provided with spfficient funds accomplish its purpose. 

The unanimity the conference was practically complete, with the exception 
the American Association Engineers, recent organization which has been 
rapidly growing the result active and persistent drives for membership. 
fills niche among Engineering Societies admitting large numbers men 
working engineering lines, the necessary qualifications 
‘admitted membership the Founder Societies. been quite active 
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and has accomplished good work. can accomplish still more continuing its 
efforts along right lines. But its ambition all-inclusive society, repre- 
senting all grades the Profession, can scarcely realized, and seems unreasonable 
expect; and even though should achieve greater success than expected 
along this line, its prestige not such give standing comparable the 
Federation the four Founder Societies and other large organizations with long 
standing, prestige and high standards. 

spite the unanimity the Washington Convention, there still small 
but very active minority the American Society Civil Engineers that opposes 
this Federation and professes oppose any participation the American Society 
Civil Engineers civic other welfare work, Due the peculiarities 
antiquated Constitution, and particularly effective organization, this minority 
has influence within the Society far beyond its numerical strength. 
date has, the main, governed the policies the Society, yielding pressure 
only when this became irresistible. opposed the junction our Society with the 
other Founder Societies the Engineering Societies Building, and opposed the 
formation United Engineering Society, and successively each and every step 
tending co-ordination and co-operation, the Founder Societies. spite 
the overwhelming majorities the recent vote upon Questions and touching 
the principles involved the federation, and the recent progressive majority shown 
the Committee Nominations, the conservative element said contem- 
plating independent insurgent ticket, supported course the usual 
arguments caution and conservatism, and utterly ignoring the blunders the 
past which such alleged caution has involved. 

The real issue the contest now going on, and especially the election 
Directors, which will take place next fall, whether not the Society take 
its proper place among human activities, gradually decay and become obstruc- 
tion progress, pretending fill niche which does not fill; and wasting the 
prestige and history this glorious Society which devoted some 
end more useful than individual benefits small circle its membership. 

opposing progressive tendencies the advice offered that the Society restrict 
its field technical matters, and leave civic activities others. 

This advice would come with more convincing force were not for the fact 
that those who offer have controlled the policies the Society for the past 
twenty years, and have neglected the technical field that the demand for 
technical standards and specifications, which should have furnished, could 
met only the organization new societies, such the American Railway 
Engineering Association, and the American Society for Testing Materials, whose 
activities have been largely directed enterprising and public spirited members 
this Society, who could and would have performed the same services through 
committees the American Society Civil Engineers had they been given 
proper encouragement and facilities. After having frittered away the opportunities 
for usefulness and growth the technical field, now ill becomes these false 
leaders advise confine ourselves the restricted remainder that field. 

The argument usually given that civic welfare work might violate the 
dignity the Society. might advocate mistaken policies, and afterward 
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obliged modify these. This the same excuse given for shirking its technical 
duties the past. was feared that our Society adopted and uttered standard 
specifications, these might found imperfect become obsolete, and the necessary 
changes would reflect upon its dignity. Such argument, relied upon, 
effectually block all attempts usefuless any field. has caused untold 
damage this Society and the Profession, and should discarded forever. 
should use due diligence and care avoid errors, but the possibilities error 
should not made excuse for inactivity. Whatever the real issues back 
the conservative advice, its tendencies are unmistakable. The demand for broader 
activities from the country large, and the opposition confined mainly three 
four the large cities. These, with their compact and well organized mem- 
bership, have been able the past, with the help our antiquated Constitution, 
control the main points policy the Society, and perpetuate themselves 
power. This domination threatened the growth membership the 
rural districts which would stimulated the measures proposed the Com- 
mittee Development, especially those measures designed increase the growth 
and influence Local Sections, and the expansion activities accordance with 
their demands. Every measure that popular with the membership outside the 
great cities will add its growth, and proportionately tend terminate the 
centralized control that has hung like millstone about the neck the Society for 
long, retarding its growth, restricting its usefulness, and threatening with 
dry-rot. 
Two 


There are thus two issues involved the pending measures and the 
coming election officers. These issues are “progress versus stagnation” and 
versus centralized domination”. These issues are largely inter- 
dependent, and upon their determination depends the future usefulness and growth 
the Society. Their importance can hardly overestimated. 

Measures great importance the world, our country, and our Profession 
demand immediate and vigorous attention, and imperative that they have 
behind them the unified efforts all the organized engineers the country, and 
all the prestige that the greatest, the oldest, and the most eminent societies can 
offer. 

Among these measures are. the unification the Engineering work the 
Government under one department with technical head. This will promote 
efficiency and eliminate waste, and what more important, will serve precedent 
for the reorganization other departments along similar lines homogeneity, 
and economy. 

Other important measures pressing for attention are the laws proposed many 
States for the licensing engineers. This policy steadily progressing. some 
States this movement doubtless inspired desire shut out the competition 
engineers from other States, most destructive policy, and unless some recog- 
nized authority, like the Federation, backed both the leaders and the rank and file 
engineers, takes strong hand, may find ourselves burdened mass 
pernicious laws that will work untold harm before they can swept away 
otherwise remedied. Properly directed, however, this movement has beneficial 
possibilities. 
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one has yet explained the origin life upon this globe, but seems certain 
that the world began and developed for millions years without any life all. 
Geology shows that when life appeared was the most primitive forms. Millions 
upon millions years were required biological evolution from the primitive 
protoplasm the animal call man. after man appeared, required 
many thousands years develop from the Stone Age through all the intermediate 
stages savagery and barbarism civilization, so-called. Within historical 
times, several thousand years rolled during which the advance human intel- 
ligence was, any limited time, almost infinitesimal. During extended periods, 
human progress appeared standstill, went backward, and the past 
000 years which have some record, not more than 500, the last one-tenth, 
show much tendency progress. fact, even that time, there have been times 
retrogression, and the progress was imperceptible for long periods. 

This brief reference the history evolution merely remind the 
numerous times that human progress has been retarded turned backward, and 
that similar fate may befall the world the present wonderful era unless the 
intelligence and ability the time make active study conditions and tendencies, 
and devote themselves diligently the correction abuses and the establishment 

INVESTIGATION Recent DEVELOPMENT. 


Not until the last century was any considerable impetus given scientific 
investigation, and the application its discoveries the uses man. But 
during that century there has been progress along material lines, eonstantly 
accelerating, and look back find that the great acceleration has apparently 
been increasing. have arrived the point, fact, where the problem not 
the problem production, but distribution. Even now when talk the high 
cost living and find that many things are scarce, the reason not the lack 
productive power but unnecessary and abnormal indulgence the part 
some, the deprivation others, and other abnormal conditions, and while much 
desired the way accelerating and cheapening production, these arts 
are far advanced and their certainty improvement great, that they may 
dismissed secondary the greater need for more equitable distribution the 
things produced. 

find great disparity between the rewards received men, and this disparity 
means proportion ability any other circumstance which con- 
tributed production. other words, not the man who works the hardest 
who becomes the richest. not who produces most that receives most. There 
are problems involved distribution which have solved. Social and 
economic progress has not kept pace with material progress, and the time has come 
when the discrepancy must bridged over, for further increase production unless 
accompanied more reasonable distribution likely become menace rather 
than blessing. the solution these problems that the leaders men 
give their attention civilization saved, instead destroyed, all past 
civilizations have been. 

have neither the time, the ability nor the assurance attempt solution 
this time any the great problems presented, but will call attention 
illustrations what these problems are. 
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GOVERNMENT 


The great changes caused the War and the accompanying upheavals have 
led irresistibly larger functions Government. has become necessary 
those functions prevent great injustice and suffering. The control 
our transportation lines and other public utilities, once criticised and condemned, 
longer questioned. admitted all inevitable and unavoidable. 
has even become necessary control the price food and other commodities, 
and the pressure strong and the argument almost irresistible for extending this 
control many other lines. Rent commissions have been established, arbitrarily 
fixing the price which the owner may charge for his property, his title which has 
never been questioned, except this indirect manner. 

The need for these vast expansions Governmental activities admonishes 
that they must restricted those cases where such expansion absolutely 
necessary. Many who years ago advocated the public ownership all public 
utilities such railroads, gas works, water works, and power plants have the 
last five years changed their minds. For one thing, public control through judicial 
commissions has proved more successful than anticipated, due mainly 
awakened public consciousness, least more enlightened public selfishness. 
But fully potent reason for this changed attitude has been the alarming 
demands upon the Government for the expansion its functions other lines, 
and becomes important therefore confine its functions those which are 
inevitable absolutely necessary. therefore hearty sympathy with many 
who are now opposing the public ownership railroads and power plants and 
commercial shipping. But while agreeing with the conclusions, must strongly 
condemn the principal reason which they advance for this. common hear 
intelligent men whose motives cannot questioned, basing their opposition 
Government ownership railroads argument which condensed into 
statement opinion that “Government operations cannot possibly efficient 
economical those under corporate control.” One objection such state- 
ment that untrue. has been proved over and over that this not 
necessarily the case, 

While admitting that there are, and always have been, abuses and defects 
our postal system, who would bold assert, asserted, who would 
believe the assertion that our mails would carried more cheaply, promptly 
economically private enterprise than they are present. 

The public activity with which most familiar the United States 
Reclamation Service. claim made for infallibility super-human wisdom 
the conduct that service, but its principal officers have always striven for the 
highest efficiency and economy. has not been without its results 
whole have proven the fallacy the theory that the Government cannot 
things economically and well, and prove this let submit the judgment 
men who know and have such interest that they must choose. 

the State Idaho the Government has carried out two its largest projects, 
including four storage reservoirs, thousands miles canals, large power and 
pumping plants, and the irrigation nearly 300000 acres land. These are 
works which affect the people their homes and their pockets. they involve 
faults, these stand out bold relief and the public sure hear them. the 
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same State the Upper Snake River are large number private canals taking 
water from that river which have plenty water the spring and early summer 
months, but after the snows are melted the rivers decline and shortage water 
supply exists during the late summer and autumn these private canal systems. 
The farmers under those canals are desirous additional water supply which 
ean provided the construction large storage reservoir American Falls. 
This reservoir, constructed, will the largest irrigation reservoir the world, 
costing The Reclamation Service has funds available for this 
construction, but was requested make the necessary investigations determine 
its feasibility and cost. The farmers desiring water supply organized, and 
about forty different canal companies joined the organization. questionnaire 
was circulated stating that was proposed that this reservoir constructed for 
the interested canal companies which should advance the money for the purpose 
needed. Each company was requested indicate the number acre-feet storage 
capacity desired under these terms, and also express preference who 
should undertake the construction the reservoirs with the money which the 
canal companies were required Over 90% these hard-fisted farmers 
voted that their money should used the construction the reservoir the 
United States Reclamation Service. Plenty contracting companies Salt Lake, 
Boise, Portland, and other accessible points would glad undertake the job; 
but these farmers have seen the work done the Government; they are acquainted 
with its officers, and form their own judgment whom the greatest dependence 
could placed upon, and almost unanimously chose the United States. 

far goes, this the evidence these farmers that they believe the 
Government can work efficiently, cheaply, quickly, and well private 
enterprise. 


EFFICIENCY GOVERNMENT 


much for the fallacy the theory that Government work can not done 
efficiently. may admitted that frequently great extravagance, waste, mis- 
management, politics and even corruption exist the transaction the public 
business. These are faults eliminated and not condoned the apology that 
honest, efficient service the Government impossible. That the apology 
every spoilsman, grafter, and incompetent the service. his friends wave 
criticism aside with the testimony our greatest statesmen that Government work 
can not done economically. false, pernicious principle, 
perpetuate the very abuses which give plausibility, and everyone who desires 
improve the public service should condemn such argument and challenge such 
statement. 

Government work can done cheaply and efficiently any—in some respects 
more so. The Government has better credit than almost any corporation. Due 
the supposed honor attached, possible secure given talent the Govern- 
ment service more cheaply than any other. corporation can tempt Government 
expert from his job without greatly increasing his salary emoluments. With 
proper business management the Government can purchase cheaper than anyone 
else because its superior credit and stability. true, and must admitted, 
that these results not always obtain. Through unwise laws, red tape abounds. 
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Through insufficient salary, incompetence sometimes occurs, and sorry say 
still fact that politics sometimes interferes with efficiency; but these are all 
faults that can and must remedied. For anyone say cannot done 
discourage the attempt and apologize for the offenders. Where Government 
operations are not economical and efficient other activities somebody’s 
fault. The fault should located and removed. should not condoned the 
statement that inevitable. Political favoritism, any other kind favoritism, 
should eliminated from public service. This can done only force public 
opinion, and this end public opinion should stimulated and when aroused 
should exerted. Criticisms faithful officers should condemned and 
denounced they deserve, but criticisms the incompetent the grafter 
public duty, and what kind graft pernicious damaging the distribution 
public personal favoritism 

The grafter who falsifies voucher and steals hundred dollars from the 
Government deserving criminal punishment. But venial offender 
compared the politician who appoints incompetent favorite high office 
where his disastrous management may cause the loss millions dollars and 
perhaps human lives; and who paralyzes progress spreading the 
doctrine that public service can not improved, but destined forever 
wasteful, extravagant and incompetent, does infinitely more harm than the petty 
grafter whom punish. 


New TENDENCY. 


One the most menacing tendencies recent years that which crudely 
described common parlance Bolshevism. This term doubtless has fairly 
accurate meaning which differs somewhat from the common conception 
the word, but the general understanding this term embraced the 
expression contempt for the rights men, and especially their right property. 
This contempt was founded originally upon unjust laws which have been over- 
thrown, and have not been replaced anything better. History the rise 
Bolshevism the countries now suffering from its palsy the history oppres- 
sion and contempt for human rights almost gross and brutal the com- 
munistic theories Bolshevism, and from this lesson may drawn. 

wish inculeate respect for human rights, and especially rights 
property, must ourselves respect those rights. Careful observation teaches 
that the same causes contempt for the rights property which led the over- 
throw all such rights Russia are existent this country and that not only 
the so-called radicals, but some the most conservative thought the country 
spreading doctrines which accepted must eventually lead utter disregard the 
rights property. recall leading magazine about year ago article 
eminent author Dr, Lyman Abbott, under the heading “Popular 
The general trend the article was effort prove that there are natural 
rights property. This doctrine summed one his paragraphs 
follows: 


“Neither making nor buying gives us, according standard absolute 
justice, perfect title property. Such title possess given the 
laws and the customs society.” 
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This dictum was supported columns argument tending prove that our 
standards property owning are purely conventional and artificial and that there 
natural basis right property. The Bolshevist the Communist who 
desirous substituting some arbitrary scheme his own which may deny many 
all our present property rights, may quote the above doctrine and 
sound moral objections can made his doctrine equal division all 
property irrespective any rights that may asserted the owners producers 
wealth. 

This doctrine not only destroys all ground for defending present claims 
property rights any future claims standards that might established, but 
its logical also destroys all rights personal liberty; for 
the law can with impunity take away the products our labor can effect 
enslave us, and this fact the most important result any system slavery. 

One the poems James Russell Lowell, attack upon chattel slavery, 
contains the following: 


“Slavery ain’t o’nary color, 

the skin that makes wuss. 
All cares for feller, 

make him fill its puss.” 


Those who believe there natural right property base such belief 
the natural right liberty and the use one’s own faculties, and consequently 
the results the exertion those faculties. Whether not the basic 
principle property rights, important that discover some ethical basis 
property rights and adhere strictly such basis, for cannot appeal 
men the basis righteousness, what basis shall appeal? Certainly 
the utmost importance that determine ethical basis for asserting the right 
property, that establish those rights upon that basis, and rigidly adhere thereto; 
for citadel invincible except the citadel righteousness. 

The contempt for human rights, and especially for property rights, has 
apparently been growing late years without seeming attract attention, and 
perhaps without the consciousness the great majority our citizenship. 
example, have seen law passed under the operation which over three billion 
dollars paper money have been added our circulating medium within five 
years, with the inevitable result that the value all money has greatly depreciated 
and the cost commodities has, the average, nearly doubled. 

This wilder inflation than ever proposed Greenbackers Free Silverites 
their palmiest days. some extent wages have adjusted themselves the 
fluctuating value the dollar, but this adjustment has been more matter 
chance than justice the operation natural laws. The large body 
intelligent workers has shared but little the general advance, while the cost 
all they consume has increased beyond all reason. This imposes great hardship 
upon such people, and among those people may included the great mass 
engineers. But these are matters that have been adjusting themselves, and can 
made adjust themselves organization and further effort. 

more serious result this unprecedented inflation the fact that operates 
great extent the repudiation existing contracts. The thousands 
prudent, industrious citizens who have invested their savings Government, 
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State, municipal railroad other corporation bonds have had the value their 
securities cut half being payable dollars that are only half the value 
the dollars invested. 

Inflation not only robs creditors for the benefit debtors under existing con- 
tracts, but unsettling values, stimulates speculation and, inevitably, leads 
concentration wealth few hands, like the usual results the gaming table. 
substitutes the spirit speculation for that industry and responsible for 
large portion the alleged high cost living which, due this speculative 
spirit, has proceeded beyond the direct depreciation the currency caused its 
inflated volume. 

This glaring and criminal robbery one class our citizens has gone 
progressively with little complaint and less attention complaint for several years, 
and still progress. constitutes one the most flagrant violations the 
sanctity contracts that this country has ever known, and real attempt has 
been made stop it. The law was passed and administered one political party, 
and the other, now power, has made attempt correct it. Not bill has 
been introduced, far aware, check the inflation, much less correct 
the wrong already accomplished. 

This non-partisan matter, and one which specific organization 
engineers ought take sides, perhaps, but illustrates the problems imposed upon 
all good citizenship, and one the prime objects welfare organization should 
invoke the interest its members public affairs importance, such 
The sentiment really needed regard for the rights others, which, 
properly interpreted, means intelligent regard for our own rights. 

Lowell says: 


“New times demand new measures and new men; 
The world advances and time outgrows 
The laws that our fathers’ day were best; 
And, doubtless, after some purer scheme 
Will shaped out wiser men than we, 
Made wiser the steady growth truth. 
The time ripe, and rotten-ripe, for change; 
Then let come; have dread what 
called for the instinct mankind. 
Nor think that God’s world would fall apart 
Because tear parchment more less. 
Truth eternal, but her effluence, 
With endless change, fitted the hour; 
Her mirror turned forward, reflect 
The promise the future, not the past.” 


The spirit the progressive movement summarized the term “Service 
through Co-operation.” means service mankind, our country, our Profes- 
sion, and ourselves. cannot reach its fullest expression without the active 
co-operation and influence every Engineering organization the country. 
would little short crime for the American Society Civil Engineers, with 
its influence and prestige, hold aloof. Bacon has it: 


hold every man debtor his Profession, from the which men 
course seek receive countenance and profit, ought they duty endeavor 
themselves, way amends, adept and ornament thereto.” 
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The preservation human rights and the results scientific progress 
the present crisis will require the united efforts all intelligent, patriotic citizens. 
this category place all engineers; and they owe debt gratitude for the 
blessings civilization which they enjoy, they must repay this debt vigilance 
and activity the preservation and improvement these blessings. Such 


program will have its difficulties and its pitfalls, but these will not deter nor dis- 


courage worthy men the pursuit excellence. Rather, the dangers will serve 

cannot act effectively unless united, and calmly reasoning together 
pressing questions, guided the pole star righteousness, unite upon 
fundamental principles, and make our influence for good power the land, and 
only thus can perform the duty owe ourselves, our fellowmen, and 
posterity. 
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INVESTIGATION STRESSES DERRICKS* 


this paper the writer has endeavored set down concisely possible 
the stresses the individual members derrick, and their variation the 
boom “picks” its load, for reaches ranging from the minimum practical reach 
the maximum, “flat boom.” 

The boom, being the most important member, treated first, and the load 
falls and the boom falls are considered with it. Next the mast considered, 
together with its and sills. Under this heading first analyzed simple 
stiffleg derrick with 90° opening back-stays, and afterward one its develop- 
ments, the A-frame with tie-backs instead stifflegs, discussed. 

For the sake brevity, little mention made the details, and all members 
are considered meeting points their center lines. passing, however, 
the writer emphasizes the desirability reducing eccentricity minimum the 
design all connections, the neglect this precaution leads oftentimes very 
high unit stresses, not results embarrassing the designer. 

interesting exception the above, the case the boom, touched 
upon. The subject booms divided under two main headings: A—Boom 
Thrust Axial, and B—Boom Thrust Eccentric. The writer states that the paper 
purely the result computations made matter interest and extract 
from his personal note-book. 


Members who desire copy this paper full are requested fill out 
the order blank the last page this number Proceedings and forward 
the office the Secretary. The paper contains pages, including table, 
and illustrated diagrams. 

This paper will not presented for any meeting the Society, but written 


communications the subject are invited for distribution and publication with the paper 
Transactions. 
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BANK PROTECTION AND 
PROBLEM SEDIMENTATION* 


The protection and restoration sliding bank along the Mississippi River 
Natchez, Miss., upon which are located the tracks the Natchez and Southern 
Railway, described and illustrated the paper. deals with the protection 
railway track hill 150 ft. above low water. The hill composed largely 
sand and was subject constant slides during low water, but greatest extent 
during floods the Mississippi River. These slides had narrowed the space 
intervening between the tracks and the brow hill the time the work was 
begun that the safety the Railway Company’s traffic was jeopardy and some 
means for relief had found. Economy was the keynote the design, and 
how well this was worked out shown comparison between the estimated and 
actual costs, 

The underlying principle the project was produce during 
floods. accomplished the construction mud-cell dike. After the 
required amount sediment had been secured, the exposed banks were per- 
manently protected with concrete slab paving. 

The completion the work required six years, due principally the many 
delays and interruptions high water. However, Nature worked exceptionally 
well the execution the plan, which accounts for the few losses suffered. 

Geological, topographical, and flood conditions Natchez, Miss., well 
the progressive stages the design, are described detail. mathematical 
formulas theoretical discussions enter the paper, its chief value being descrip- 
tion practical application sedimentation the replacement bank 
which had been carried away erosion and slides. 


Members who desire copy this paper full are requested fill out 
the order blank the last page this number Proceedings and forward 
the office the Secretary. The paper contains pages, and 
illustrated half-tones. 


This paper will not presented for discussion any meeting the Society, but written 
communications the subject are invited for distribution and publication with the paper 
Transactions. 
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CREEPING RAILROAD RAILS 


NOVEMBER 3D, 1920. 


October, the writer was called some clients investigate and 
report the phenomenon the creeping railroad rails, order determine 
the cause thereof and, possible, evolve remedy. agreeing make the 
study, stipulated that, after preparing his report, should have the privilege 
presenting his findings the Engineering Profession; and, accordance with 
that arrangement, submits the paper the accumulated data the American 
Society Civil Engineers. 


The first step taken was send letter, enclosing the following questionnaire, 
the Federal Manager the President each the principal railroad 


systems the United States, Canada, and Mexico, asking for replies the sixteen 
questions which contained: 


troubles, your experience, are engendered the creeping 
rails? 


rail proportional the amount traffic passing over 
trac 

“3.—With the traffic one direction only, the creeping greater down 
grade grade, and what extent? 

single track line, the creeping greater the direction the 
heavy traffic; and, so, what extent 

what portions your line you find the greatest creeping rails— 

the degree curvature affect the amount 

one rail track ever creep more than the other? Under what 
conditions 

the same train loads, the creeping greater light rails heavy 
ones; and, so, what 

the amount creeping vary with the nature the roadbed, and 
with the kind and depth the ballast; and, so, what extent.? 

the amount creeping vary with the temperature and weather 
conditions? 

“11.—Does the amount creeping vary with the character and efficiency 
the rail splicing; and, so, what extent? 

the amount creeping depend the use the non-use rail- 
chairs tie-platés; and, so, what extent? 

you found any satisfactory method checking 
creeping; and, so, what it? 

you evolved any theory the cause causes rail creeping; 
and, so, what it? 

you had any computations made the resultant force causing 

there any information the subject that you ean furnish, not 
the preceding questions; and, so, what? 


The preceding request for information was honored officials roads, 
70% those addressed. several cases opinions were given number 


New York City. 


‘ 
Ne 
>. 
j 
4 
| 


CREEPING RAILROAD RAILS 971 


the officials the system—in one case there were thirty-four reports from road- 
masters; consequently, the paper really compendium knowledge the 


subject, furnished more than one hundred the best posted men North 
America. 


Those who answered the questionnaire represented, all told, 190 railroads 
railroad systems, covering about 220000 miles line, because each Federal 
Manager had several systems under his control. This total length line 50% 
the entire mileage North America. 


The railroads which replied the questionnaire are the following, their 
arrangement the list being alphabetical: 


1.—Atchison, Topeka, and Santa Fe, al. 
2.—Atlanta, Birmingham, and Atlantic, al. 
Coast Line. 
4.—Baltimore and Ohio, al. 
5.—Boston and Maine, al. 
6.—Canadian National, Eastern Lines. 
National, Western Lines. 
8.—Canadian National, Government Lines. 
Railroad Georgia. 
10.—Central Railroad New Jersey, al. 
and Eastern Illinois, al. 
and Northwestern. 
14.—Chicago; Burlington, and Quincy, al. 
15.—Chicago, Milwaukee, and St. Paul. 
16.—Chicago, St. Paul, Minneapolis, and Omaha, al. 
17.—Cleveland, Cincinnati, Chicago, and St. Louis, al. 
18.—Delaware and Hudson, al. 
19.—Denver and Rio Grande. 
Paso and Southwestern. 
al. 
East Coast. 
23.—Grand Trunk, 
24.—Great Northern. 
26.—International and Great Northern, al. 
27.—Lake Erie and Western, al. 
28.—Lehigh Valley, al. 
29.—Louisville and Nashville, al. 
30.—Michigan Central. 
31.—Minneapolis and St. Louis. 
Kansas, and Texas, al. 
33.—Missouri al. 
34.—National Railways Mexico. 
35.—New York Central, al. 
36.—New York, New Haven, and Hartford, al. 
37.—New York, Ontario, and Western. 
38.—Oregon- Railrozd and Navigation Co., al. 
39.—Pennsylvania Lines West Pittsburgh, al. 
40.—Pere Marquette, al. 
Louis-San Francisco, al. 
42.—St. Louis Southwestern, al. 


43.—Seaboard Air Line, 
44.—Southern, 
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45.—Southern 

46.—Southern Pacific Railroad Company Mexico. 
Portland, and Seattle, al. 

48.—Texas and al. 
49.—Toledo and Ohio Central, al. 


one particular the opinions all railroad men the creeping rails 
are unanimous, viz., that phenomenon serious import, very difficult 
contend with, and involving both great danger the traveling public and large 
expense the railroad companies; consequently, the subject one well worth 
investigating. the paper, the writer presents compendium the replies 
given the various set questions, offers few suggestions his own, and asks 
for thorough discussion the railroad men general, and all 
patentees anti-creeping devices particular. Some those who answered 
the questionnaire may feel like elaborating their replies; and other railroad men 
who were not consulted, may have additional valuable information offer. 
Quantitative records rail creeping are still needed; and any one possesses any, 
the writer hopes that will submit them the 
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SOME INVESTIGATIONS AND STUDIES 
HYDRAULIC-FILL DAM CONSTRUCTION 


PRESENTED DECEMBER 1920. 


connection with the building earth dams, and describes the construction 
methods used and results obtained. includes discussion the importance 

careful examination foundation conditions, the determination the char- 

acter materials used, the methods construction suitable the mate- 

rials, and the object and utility the investigations and the manner making 
them. 

Details are given the Somerset Dam, Paddy Creek Dam, and others the 
Bridgewater, C., development, with the hope that the information will 
assistance future design and construction earth dams and lead still more 
investigations. 

The author recognizes that the compression and seepage tests described could 
well have been carried greater pressures laboratory with suitable apparatus, 
and more extensive results obtained. The apparatus used was limited the 
amount pressure that could applied. also suggested that another desir- 
able line investigation determine why, and how, small percentages 
vegetable organic matter affect porosity notably. 
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NOTES IMPACT* 


SYNOPSIS. 


Numerous recent tests have dynamie effect rolling loads 
bridges has been much this particularly true electric 
trains which the loads are smooth rolling wheels and the mechanism has 
reciprocating motion. 

The investigation presented the paper shows the relation between the static 
and dynamic stresses girder spans for smooth rolling loads, and the following 
conclusions have been reached: 

speeds that obtain railroad practice, the dynamic effect smooth 
rolling loads small that may neglected. 

2.—There critical speed that produces maximum dynamic increment 

This paper will not presented for discussion any meeting the Society but written 


communications the subject are invited for distribution and publication with the paper 
Transactions. 
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NOTES IMPACT 


ft. per sec., 329 
miles per hour, where the radius gyration and the length, inches. 
dynamic increment stress for single load for the critical speed 
per cent. 
4.—That even for the maximum speed condition, with the wheel spacing usual 


electric trains, the combined dynamic effect four wheels may less than 
the static effect. 
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